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NATIONAL EARTHQUAKE HAZARDS REDUC-
TION PROGRAM (NEHRP) REAUTHORIZA-
TION

TUESDAY, MAY 17, 1994

U.S. Senate,
Subcommittee on Science, Technology,
AND Space of the Committee on Commerce,

Science, and Transportation,
Washington, DC.

The subcommittee met, pursuant to notice, at 2:45 p.m. in room
SR-253, Russell Senate Office Building, Hon. John D. Rockefeller

IV (chairman of the subcommittee) presiding.
Staff members assigned to this hearing: Elizabeth Inadomi, staff

counsel, and Patrick H. Windham, senior professional staff mem-
ber; and Louis C. Whitsett, minority staff counsel.

OPENING STATEMENT OF SENATOR ROCKEFELLER
Senator Rockefeller. This hearing will come to order.

Welcome to the subcommittee's hearing on the reauthorization of

the National Earthquake Hazards Reduction Program, what we
call NEHRP.

Like all of our programs this year, today the subcommittee will

examine the link between Federal investment in research and tech-

nology and, on the other side, the benefits flowing to the American

taxpayer from that research and technology.
This reauthorization hearing is especially timely because earth-

quake technologies developed under NEHRP played a significant
role in mitigating damage during and after the major earthquake
in Northridge in January of this year.
The Earthquake Hazards Reduction Act of 1977 established the

Interagency Earthquake Program to help minimize the loss of prop-

erty and life from earthquakes through scientific and engineering
research. Saving lives is the primary goal of NEHRP, but the pro-

gram also seeks to reduce earthquake damage and the related costs

to that.

Clearly, the importance of NEHRP grows as the costs rise for re-

storing quake-damaged areas. For example, the Loma Prieta earth-

quake in October 1989 is estimated to have cost over $10 billion.

The current estimates of Northridge are $15 billion.

When earthquakes are in the news, the Nation thinks of Califor-

nia. However, experts believe that 38 States face significant risk of

earthquakes. While California currently may be the hardest hit,

the States which are least prepared for earthquakes will sustain

(1)



much greater damage if they were to occur. That leads to the ques-
tion of whether the technologies developed under NEHRP and

proven to help mitigate damage are known, or more importantly
are in use in all of the States at risk. That is a

very important part
of the discussion. Mr. Chairman, your comments, please.

OPENING STATEMENT OF SENATOR ROLLINGS

The Chairman. The Subcommittee on Science, Technology, and

Space is holding an important hearing today on the reauthorization

of the National Earthquake Hazards Reduction Program. Since the

last time the subcommittee held a NEHRP reauthorization hearing
in April 1989, the Nation has been rocked by hundreds of, minor

earthquakes and several significant ones, most notably Loma
Prieta in October 1989 and, more recently, Northridge in January
1994. Precious lives were lost in these earthquakes in addition to

billions of dollars in property damage and lost income.

In the hearing 5 years ago, we focused on the issue of hazard

mitigation. NEHRP, originally established in 1977 to predict earth-

quakes through scientific research, was refocused to create and

apply technologies for hazard mitigation. Since that time, the

Earthquake Program has developed technologies which have been

used in retrofitting older bridges, highways, and buildings. Even
with the unknown thrust-faults which apparently weave a complex
web deep beneath the surface of Los Angeles, these technologies
have reduced the potential for damage to the area's highly traveled

freeways and interchanges.
Understanding earthquakes, like other natural disasters, is of

great importance to the Nation, not only for the obvious public

safety aspects but also the serious fiscal impacts. While the pres-

sures of the Federal budget are more tighter than ever, Congress
has provided over $9 billion in taxpayer dollars this year to help
in restoring the quake-damaged area of southern California. It is

estimated that another $6 billion will be provided through private
insurers.

The potential costs of earthquake damage are even more alarm-

ing when considering that 38 of our States have significant risk of

seismic activity. However, utilizing technologies proven to mitigate

damage caused by earthquakes is purely voluntary, and we must
consider retrofitting old building and bridges despite the expense
of doing so.

In charting the course of the earthquake program for the next

few years, perhaps the primary question should not focus on what
hazard mitigation technologies the Earthquake Program is develop-

ing. Rather, the question should be how these technologies can

reach the communities which are forecast to experience earth-

quakes. In doing so, the entire Nation stands to benefit from the

research and technology efforts of this interagency Earthquake Pro-

gram.
Thank you, Mr. Chairman.
Senator Rockefeller. Thank you, Mr. Chairman. It is my hope

that the witnesses before us today can answer that question. I also

want to learn about the technology transfer efforts of the agencies

represented on our panel and get recommendations to ensure that



the States are adopting earthquake mitigation technologies in their

building codes and other relevant areas.

Also, the subcommittee will focus on the administration's fiscal

1995 budget request of $103.2 million for the earthquake program,
which is a 3.6-percent increase from fiscal 1994, and compare this

with authorizations of $102.7 billion in H.R. 3485, passed in the

House before the President submitted his fiscal 1995 budget re-

quest to Congress.
This is the forum to discuss the strengths and the weaknesses

of the earthquake program and a realistic course for the program
to pursue for the next few years.
We are fortunate to have with us today all four Federal agencies

participating in the earthquake program. We will have testimony
from Mr. Richard Moore, Associate Director for Mitigation at

FEMA, and he will be followed by the Hon. Gordon Eaton, Director
of the U.S. Geological Survey, Dr. Joseph Bordogna, who is Assist-

ant Director for Engineering at the National Science Foundation,
and Dr. Richard Wright, Director of the Building and Fire Re-
search Laboratory at NIST.
Senator Rockefeller. At this time, I turn to my colleague from

Montana, Senator Burns, the ranking member of the subcommit-
tee, for any opening remarks.

OPENING STATEMENT OF SENATOR BURNS
Senator Burns. Well, Mr. Chairman, I do have a statement that

I would ask that it be made a part of the record.

Montana ranks fourth, and we live in Montana on a couple of

pretty major faults. I think our last major one was probably 1959.

That was when we changed the Hebgen Lake and left some folks

up there under the side of a mountain, about 30, 35 folks, some-

thing like that, and so we are interested in this issue.

Thank you for holding these hearings, and it will be interesting
to hear their testimony, so I thank you very much.

[The prepared statement of Senator Burns follows:]

Prepared Statement of Senator Burns

Mr. Chairman, I want tx) thank you for holding this hearing on the reauthoriza-
tion of the National Earthquake Hazards Reduction Program. 1 have great interest
in the Earthquake Program since Montana is one of six States considered to be at

a "very high' risk of an earthquake. In fact, according to the Federal Emergency
Management Agency, earthquakes pose the largest single-event natural hazard
faced by the State.
The 6.6-magnitude earthquake in the Northridge, CA, area in January was a

tragic reminder of the tremendous destructive force of an earthquake. In that earth-

Quake, over 60 people were killed; over 1,000 f>eople were hospitalized; and property
aamage exceeded $30 billion. Even today, months after that tragedy, tens of thou-
sands of earthquake victims are still unable to return to their homes out of fear or

safety reasons.
Most of the recent U.S. earthquakes have been in California so there is a tend-

ency to see the earthquake hazards issue as an exclusively California problem. It

is not. Earthquakes are a national problem. Thirty-nine States have a significant
risk of earthquake activity. While, in recent times, the Central and Eastern States
have escaped significant earthquake damage, the largest earthquake in the United
States occurred, not in California, but in Missouri in 1812. Experts have indicated
that the probability of a destructive earthquake in the Eastern or Central States

by the year 2010 is at least 50 percent, and maybe much higher.
Mr. Chairman, no matter where an earthquake occurs, all of the Nation's tax-

payers are afTected because thev pay for the billions in Federal assistance that are

inevitably required to help people in the afTected State or region.



We cannot prevent earthquakes. However, we can try to minimize the loss of life

and property damage that they cause. That is why the Earthquake Program is so

important. The program is aimed at assessing U.S. earthquake hazards and arriving
at strategies to reduce their impact. This involves evaluating earthquake risks, de-

veloping more earthquake-resistant building designs, and strengthening the States'
eartnquake preparedness programs.

Indications are that we already are seeing the benefits of the program. While the

6.6-magnitude earthquake in Northridge caused about 60 fatalities, an earthquake
of similar magnitude in Iran last year caused 55,000 deaths. The difTerence in death
tolls is at least partially due to the activities supported by the Earthquake Program.
H.R. 3485 authorizes $308 million over 3 years for the four Federal agencies that

operate the program: FEMA, NIST, NSF, and USGS. I note that the fiscal year 1994
authorization matches the fiscal year 1994 appropriation, and the out-year numbers
reflect reasonable yearly increases for these activities. These levels should ensure
a continuation of the important work being done in the program.
Mr. Chairman, I am looking forward to this hearing as an opportunity to examine

some important issues regarding this program. For example, has coordination

among the four NEHRP agencies improved? In the past, these agencies were said
to have operated as four separate agencies rather than an integrated program. Also,
I would like to know whether we are making practical use of the information and
research produced by the program. Are architects and engineers and land-use plan-
ners taking into account input from the Earthquake Program in making their deci-

sions? Finally, I would like to explore the vulnerability of my State of Montana to

withstand a major earthquake and listen to your thoughts on our earthquake haz-
ards mitigation efforts. Hopefully, our witnesses will have time to address these and
related matters in their testimony today.
Thank you again, Mr. Chairman.

Senator Rockefeller. OK Thank you, Senator Bums, and Mr.
Richard Moore, we will go to you, sir.

STATEMENT OF RICHARD MOORE, ASSOCIATE DIRECTOR FOR
MITIGATION, FEDERAL EMERGENCY MANAGEMENT AGENCY
Mr. Moore. Thank you, Mr. Chairman. Mr. Chairman and Sen-

ator Bums, I am pleased to appear before you to testify in support
of the National Earthquake Hazards Reduction Program for the
Federal Emergency Management Agency. I serve as the Associate
Director of FEMA for Mitigation. As you know, we cooperate with
the other three partners who are sitting at the table in the admin-
istration and the development of that particular program.

I think that, clearly, the activity in California earlier this year
has probably set the stage for this current review on the reauthor-

ization, and has clearly demonstrated great need to continue the

program that has been set in place by the Congress to focus in par-
ticular on the impact of mitigation to try to deal with those steps
that we can take when an earthquake does occur.

FEMA has two major responsibilities under the NEHRP provi-
sions. One is to work with State and local governments and with

private sector groups and individuals to find ways to implement
earthquake risk reduction, and the other is serving as a lead agen-
cy to work in cooperation with our partners to help coordinate and
develop the program.

In the lead agency area we have several responsibilities. One is

to look at the existing knowledge on the indirect economic con-

sequences of catastrophic earthquakes, another is to look at the im-

pediments to mitigation that exist and develop recommendations to

minimize those impediments, a third is to coordinate the funding
of post earthquake investigations and find ways to benefit from the
lessons learned from those activities, and, finally, we have recently



provided staff support to an advisory committee that was author-
ized under the last NEHRP reauthorization act.

During the period of time that those events have occurred, we
have, also managed activities along the programmatic side. Par-

ticularly, we have expanded our work with the States.

We have increased participation from 3 years ago when there
were 17 States participating, to now having 33 States participating
in the NEHRP program. We are working with them to help provide
them with funoing and technical assistance to provide transfer of

the information that is developed through the program to their

building code commissions, to their development agencies and oth-

ers. In this way, they can benefit from what we learn as we coordi-

nate the studies and also review what has happened when an
event like Northridge occurs.

We have also worked with several consortia around the country.
There are several groups of States that work together to help
transfer the knowledge that is developed by research agencies and
others to these various States and communicate that information.
We support those several consortia that exist.

We have been working with the President's office in providing a

report to the Congress that will be due in December on implemen-
tation of seismic safety standards in existing Federal buildings, as
mandated by an act of the Congress, that would be similar to what
we have had over the last couple of years for new Federal building
construction.
We have also been working on efforts to strengthen the infra-

structure and to work with States and localities to strengthen in-

frastructure from the vulnerability from earthquakes. We have also

worked with the Department of Education to develop a strategic

plan for program for earthquake education throughout the country.
There still is much to be done in dealing with earthquakes, as

Northridge is teaching us. Much of it is in the area of mitigation.
We cleany can continue to find new ways and through public
awareness and information to help people, and encourage builders,

engineers, and architects and others in the profession take steps—
as they build buildings or as they reconstruct or repair buildings—
to make people and property safer and less subject to harm when
an earthquake does, as it will, occur.

Significant research has been done on the causes and effects of

earthquakes, and we attempt to work with our partners in the
NEHRP program to make that translatable to the average citizen,
and particularly those in the building community.
The Federal Emergency Management Agency has also focused on

three areas. One is the partnership that is involved in mitigation,

working with States, localities, the private sector, to work together
to make mitigation something that is understood and accepted and
implemented across the counti-y.
We are looking at currently developing a national mitigation

strategy to find ways to package various Federal programs that
will make them more effective. We are working in Kentucky and
in California at the present time on a pilot project for tying our eco-

nomic programs that the Federal Government supports to mitiga-
tion so that when we build a downtown area or an industrial park
or whatever, it is more able to withstand seismic conditions, and



therefore the community, itself, becomes more sustainable under
disaster conditions.

So, we are working on those sorts of activities by which we hope
to make our country safer. We are continuing to learn, and we
want to continue to work with this committee in strengthening the

program.
[The prepared statement of Mr. Moore follows:]

Prepared Statement of Richard T. Moore

Mr. Chairman, Members of the Subcommittee, I'm extremely pleased to have this

opportunity to appear before you and speak about the National Earthquake Hazards
Reduction Program for the Federal Emergency Management Agency. My name is

Richard T. Moore and I am the Agency's Associate Director for Mitigation.
FEMA collaborates in the NEfflRP with the National Science Foundation, the U.S.

Geological Survey, and the National Institute of Standards and Technology. I am
honored to appear with them before you today. There should be no question in any
one's mind aoout the effort each participating Agency has devoted to NEHRP. The
advances in earthquake risk reduction in this country, and they are impressive, are

due to this dedication by the NEHRP partners since Congress established the Pro-

gram in 1977.

Mr. Chairman, the earthquake in Southern California on Januarv 17th of this

year has given us clear evidence, again, that if we want to address the earthquake
risk in this country and minimize the disaster cost of earthquakes, we must do so

by reducing that risk before the earthquake occurs by pre-event planning, research

and mitigation.
It seems somewhat ironic that the last time the National Earthquake Hazards Re-

duction Program (NEHRP) underwent the reauthorization process, another major
earthquake was fresh on everyone's mind. The Loma Prieta earthquake focused our

attention on the effectiveness of this nation's earthquake mitigation program, and
it resulted in Congress' passage of a reauthorization statute which provided needed
crucial definition and refinement of NEHRP responsibilities, goals and objectives.
Under NEHRP, FEMA has two major responsibilities:

1) one is to work with State and local governments, with private sector groups,
and with individuals, to implement earthquake risk reduction; and

2) the other is to serve as the lead Agency for the Program.
As you know, NEHRP is a multi-agency program involving all the Federal agen-

cies here today: FEMA, the National Science Foundation, the U.S. Geological Survey
and the National Institute of Standards and Technology. Each of the Agencies will

speak to you about their contributions to understanding earthqruakes. Therefore, I

will concentrate my remarks on FEMA's activities under NEHRP, our work since

the 1990 reauthorization, and our view of the future directions for NEHRP.
The NEHRP Reauthorization Act of 1990 placed significant challenges before

FEMA. But most importantly, the fulfillment of those challenges has made clear to

FEMA the path we must follow in our future work under NEHRP. Let me spend

just a few moments on the specifics of those challenges.
In the lead Agency arena, the 1990 Reauthorization presented FEMA with some

very challenging responsibilities:
• using a panel of experts, we looked at the existing knowledge on the indirect

economic consequences of catastrophic earthquakes;
• another panel of experts examined the impediments to mitigation implementa-

tion and formulated recommendations on how implementation could be improved;
• a review of the funding of post earthquake investigations was conducted and

recommendations for the future were presented;
• we provided staff support to a Program Advisory Committee and the conduct

of its meetings; and
• we continued the preparation, in coordination with the other NEHRP Agencies,

of Program plans, reports and budgets.
I am happy to report that these were all accomplished. We also undertook other

activities under our lead role in expanding the recognition of NEHRP among a vari-

ety of target audiences, supported activities to increase the participation in NEHRP,
and developed campaigns and outreach activities for the small business community
to enhance their involvement in earthquake risk education in collaboration with the

local governments.
Mr. Chairman, each of these activities has underscored for FEMA the importance

of reducing our losses before earthquakes occur.



As I noted earlier, FEMA also has programmatic responsibilities. On the pro-

grammatic side, and in response to the 1990 Reauthorization:
• FEMA conducted an expansion of our efforts to fund States and assist them

in their efforts to reduce their earthquake risk. The number of participating States

has increased from 17 to 33. We have put into place improved technical assistance

delivery systems to supplement their ability and capacity in the earthquake risk re-

duction field.

• We have continued our fiscal and technical support of regional earthquake con-

sortia. The Central U.S. Earthquake Consortium, who we have been honored to

work with and fund since their establishment in 1983, is an example of the positive
effects such organizations can have;

• We have monitored and reported on Executive Branch implementation of the
President's order on seismic safety in new Federal buildings. We have provided re-

ports on these activities to the President and to Congress;
• We have funded and worked with the Interagency Seismic Safety Committee

in Construction to help in the development of a programmatic strategy and ap-

proach for addressing the problem of existing hazaraous federal buildings;
• We have examined the vulnerability of the infrastructure of the Nation to

earthquakes and reported on its economic impacts to the country should an earth-

quake occur;
• We have worked with the Department of Education and others in the develop-

ment of a strategic plan for our Nation's earthquake education efforts; and
• We have developed techniques that assist State and local governments in their

conduct of earthquake risk reduction. These include training courses, exercises, edu-
cational materials, workshops, and the like.

Despite all the work FEMA has done in these areas and in fulfilling the critical

requirements of the 1990 reauthorization act, there is still much to be done. Mr.

Chairman, all these accomplishments, and all the work they represent, have repeat-

edly served to underscore one simple fact—we must do more to achieve an accept-
able level of earthquake risk mitigation in this country.
The importance of implementing mitigation is a lesson of the earthquakes we

have experienced. It is a conclusion of the studies and reports that have been gen-
erated by expert panels and the NEHRP Advisory Committee, and it is the founda-
tion of the emergency management system FEMA seeks to establish in the U.S.
FEMA will strengthen, deepen and cultivate the implementation of earthauake risk

reduction in the U.S. using the delivery mechanisms we have developed over the

years under our NEHRP authority:
• We will work with State and local governments across the U.S. on the adoption

and enforcement of seismic safety codes for new buildings;
• We will work with State and local governments to reduce the exposure to loss

of their existing infrastructure;
• We will continue to work with the academic and private sectors to make "state-

of-the-practice" the same as "state-of-the-art"; and
• We will continue and enhance our efforts to communicate simple and economi-

cal mitigation techniques to small businesses, schools, hospitals, utilities, families

and individuals.

Mr. Chairman, FEMA wants to apply the post-event lessons of Northridge to im-

prove our existing pre-event delivery systems; to apply the principles of effective

mitigation implementation which we have learned over the years:
• Partnership—The implementation of earthquake mitigation, indeed of any nat-

ural hazards risk mitigation, relies on every sector of today's society
—State and

local governments, businesses, industries, building professions, and individuals. We
need this help to develop the best techniques, and we must help them implement
those techniques;

• Packaging—There are an enormous number of programs throughout the Nation
which deliver needed federal assistance and backing to community development, to

the construction of our infrastructure and our buildings, and to the implementation
of risk reduction. We must package those systems together so that they do not con-
flict one with another, and so that communities have reasonable flexibility in the

appropriate level of mitigation they set as their goal; and
• Incentives—We have learned in virtually every natural hazards program, in vir-

tually every natural hazards experience, and from virtually every expert with whom
we discuss the impediments to implementing mitigation

—without some real incen-

tives, America will never achieve the level of earthquake risk reduction in this coun-

try that you and our fellow citizens have a right to expect.
The Federal Agencies of the NEHRP, and all the partners with whom we work

around the country, have made great strides toward understanding the causes and
effects of earthquakes. We have developed mitigation techniques that work, and



8

that are accepted by practitioners as useful. We have developed delivery mecha-
nisms—training courses, educational tools, exercises, public awareness materials
and campaigns, technical assistance, and many others.

Within the current management structure of the NEHRP, we have developed a
level of coordination which, I believe, is unmatched elsewhere. But in order to reach
the level of risk reduction the Congress, the people of the U.S., and indeed the
NEHRP Agencies themselves, have a ri^t to expect, we must focus our attention,
our resources, and our authorities on achieving that mitigation. FEMA intends to

do just that. We do not want to wait until the next Loma Prieta, the next

Northridge, the next New Madrid, or the next Anchorage, Alaska earthquake and
see how fast we can pick up the pieces. We want to have fewer pieces to pick up.
Mr. Chairman, that concludes my remarks for this morning, will be pleased to an-

swer any question you or other members may have.

Senator Rockefeller. Mr. Moore, I thank you.

STATEMENT OF DR. GORDON EATON, DIRECTOR, UNITED
STATES GEOLOGICAL SURVEY; ACCOMPANIED BY DR. ROB-
ERT L. WESSON
Dr. Eaton. Thank you, Mr. Chairman. The Geological Survey

fully supports H.R. 3485, the reauthorization bill for the National

Earthquake Hazards Reduction Program, and we look forward very
much to participating in the comprehensive review that has been

proposed by Congressman Brown and his colleagues from the
House side.

The USGS strongly supports a proactive NEHRP program and is

working with the other program agencies represented nere at the
table to strengthen its effectiveness. We must increase mitigation
and pursue new applications for ongoing research. At the same
time, we must continue to develop a strong research base to better

understand where earthquakes will occur, why they occur, how big
they can be, and what effects they will generate, and the impacts
these effects might have on human structures.

Based on the seriousness of an earthquake hazard for a given re-

gion in this country and the population density and the economic
infrastructure at risk in the area, the Geological Survey has placed

high priority on studies in four earthquake-prone regions: southern

California, the site of the Northridge earthquake of this past Janu-

ary, the San Francisco Bay area, the Pacific Northwest, and the

Central United States.

We have geologists on the ground in these areas, each of them
working with State and local preparedness agencies. The principal
threat from earthquakes is the possible collapse of buildings and
lifeline systems that are inadequately designed or built to resist

earthquakes.
In response to NEHRP, postearthquake investigations are being

carried out to document, to understand, and to explain what hap-
pened so that we can reduce the losses from future earthquakes.
Of key interest has been the widespread nature of strong ground
motion and its relationship to the failure of lifelines and buildings.

Through a cooperative agreement with the Applied Technology
Council, the USGS has sponsored five very well-attended regional

workshops to pass new technologies and applied research results

produced by the survey on to practicing engineers in these areas.

Immediately after the Northridge earthquake earlier this year,
USGS personnel and cooperators monitored aftershock activity to-

gether, analyzed strong motion seismograms, and characterized the



type and extent of the damage in the area. All four NEHRP agen-
cies, those represented at this table, in cooperation with State and
academic teams from area universities, gathered perishable infor-

mation about previously unknown faults in the area, ground break-

age, and structural damage. They also investigated permanent
ground deformation that took place in the area.

As a followup on the Landers/Big Bear and Northridge earth-

quakes, both of them southern California earthquakes, USGS sci-

entists and their colleagues are reevaluating the probability of

major earthquakes in southern California.

NEHRP-generated information continues to stimulate investment
in risk reduction measures. For example, a recent technical report
indicated a 2-in-3 chance of at least one magnitude 7 earthquake
in the San Francisco Bay area during the next 30 years.

In response to that report, the Geological Survey, with the spon-
sorship of several agencies, prepared a newspaper insert printed in

English, Spanish, Chinese, and braille, that explained what con-

cerned citizens could do in the event of an earthquake.
In combination with information from other sources, this report

spurred significant personal mitigation and preparedness action.

Private corporations are now investing hundreds of millions of dol-

lars to strengthen their vulnerable structures in San Francisco and
Oakland, CA.

Geologic studies of coastal tidal flats indicate that infrequent but
nevertheless great earthquakes have occurred before on the Wash-
ington, Oregon, and northern California coasts, and in response to

this new realization, Washington and Oregon have recently pro-

posed revisions to building codes in the potentially impacted coun-
ties.

Examples of risk reduction measures spurred by NEHRP and its

program are not limited to the Western United States, however. In

the Central United States, recent geologic studies have identified

the occurrence in prehistoric times of a major earthquake in the
Wabash River Valley in Indiana.
When considered in conjunction with the large Mississippi earth-

quakes of 1811 and 1812, probably the largest magnitude earth-

quakes that have taken place in the United States in the time of

European habitation here, this increases the size of the region
known to be capable of generating very damaging earthquakes in

the Central United States.

Although the annual probability of a damaging earthquake in

this region is low, it is vulnerable because of a very high-population
density, because of unreinforced masonry buildings, and because of

risk management policies that vary a great deal from State to

State and many of which are inadequate.

Through USGS-assisted workshops, the Central U.S. Earthquake
Consortium has made progress in the increasing hazard awareness
in the region. By and large, Americans' understanding of earth-

quakes varies widely at the present time. The hazard awareness is

improving.
The capacity to build earthquake-resistant buildings and lifelines

in earthquake-prone regions also varies widely, but it is likewise

improving. Additional gains will be made as the state of scientific
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understanding of earthquake threats is increased and the quality
and effectiveness of risk reduction measures are enhanced.

Working with our three NEHRP partners, we have estabhshed a

1-800 number to respond to what we anticipate to be thousands of

requests for information that we think will follow a major televised

special on earthquake disaster preparedness that is going to be

aired by ABC on Saturday evening this week.

Although we can point to major gains that have occurred as a di-

rect result of the NEHRP program in the past 3 years, there is still

much to be accomplished. We look forward to a significant contin-

ued role in accomplishments in this important national program.
Mr. Chairman, that completes my statement, and I will be happy

to remain at this table and answer questions.

[The prepared statement of Dr. Eaton follows:]

Prepared Statement of Dr. Gordon Eaton

Mr. Chairman and members of the Subcommittee, I thank you for the opportunity
to appear before you on the reauthorization of the National Earthquake Hazards Re-

duction Program (NEHRP) and the role that the U.S. Geological Survey (USGS) is

serving in the NEHRP Program.
We support reauthorization of the programs in H.R. 3485 at the levels requested

in the President's Budget. We understand that the ofiice of the U.S. Trade Rep-
resentatives is reviewing section 2 of the bill, the "Buy America Provisions." We look

forward to participating in the high-level, comprehensive Executive Branch review

of the NEHRP proposed by Congressman Brown and his colleagues and to contribut-

ing to the development of a strategic plan that will ensure the operation of a unified

program.
Earthquakes are one of the most devastating natural hazards and pose a severe

threat to life and property in many regions of our Nation and around the world.

Since the Geological Survey last met with this Subcommittee, 234 damaging earth-

quakes worldwide with magnitudes greater than 6.0 have increased the number of

cumulative fatalities during this century to 1.543 million. Of these 234 earthquakes,
64 have afTected various regions in the United States, causing loss of hfe, injuries

and damage to property. There have been 21 earthquakes with magnitudes greater
than 5.0 which have affected areas in the Pacific Northwest, southern California,

Nevada, and Utah. The magnitude 6.8 Northridge earthquake which struck south-

ern California on January 17, 1994, damaged over 40,000 structures and caused 57

fataHties and $13 to 20 billion in damage. On September 20 and 23, 1993, respec-

tively, magnitudes 5.9 and 6.0 earthquakes occurred near Klamath Falls, Oregon.

They are the largest to have occurred in Oregon in this century. There were three

fatalities and damage costs of approximately $7.6 million. Hawaii and ix)rtions of

Utah, Wyoming, and Idaho have experienced earthquakes of magnitudes greater
than 5.5 in the past several months. The Landers, Mendocino, and Portland earth-

quakes which struck California and 9regon in 1992 caused approximately $158 mil-

lion in damage and 500 injuries. A magnitude 8.1 earthquake struck Guam in Au-

gust.
Our Nation has a fundamental responsibility

and self-interest in reducing earth-

quake risk. As a part of this responsibility, the USGS endorses the need of increas-

ing mitigation and pursuing new applications for on-going research. At the same

time, we must continue to develop a strong research base for a better understanding
of where earthquakes will occur, why they occur, how big they can be, and to learn

more about the effects that they will generate. Basic research and monitoring have

contributed key components to our Nation's improved mitigation capacity and ability

to apply research results and information for informed decision-making. Poor sci-

entific knowledge permits ooor decisions; whereas, sound scientific knowledge sub-

stantially improves the likelihood of good decisions.

The principal threat to humankind from earthquakes is the possible collapse of

buildings and lifeline systems that are inadequately designed or constructed to re-

sist ground shaking or earthquake-induced ground failure. Earthquakes can also re-

sult in damaging tsunami (seismic sea waves) and permanent changes in sea level

elevation relative to land in coastal areas, which occurred, for example, as a result

of the Mendocino and the Nicaragua earthauakes last year. In addition, earth-

quakes present a hazard when they rupture the surface of the Earth. The Landers
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earthquake in 1992 created a zone of surface ruptures—some with horizontal dis-

placements of up to 20 feet—extending a distance of 50 miles in southern California.

The National Earthquake Hazards Reduction Program addresses these issues and
others. It has made significant progress on many ironts since its establishment in

1977. For example:
• Deeply buried "blind" thrust faults have been identified as a significant source

of seismic hazards in a number of locations in southern California. The 1994

Northridge earthquake occurred on one segment of an extensive system of "blind"

thrust faults in urban southern California. A thrust fault is a low angle fault with
a dip of less than 450. Along this kind of fault, the upper block, called the hanging-
wall block, has moved upward relative to the lower block. Regional, compressive
forces push the blocks together.

• Significant advances have been achieved in forecasting the occurrence of future

damaging earthquakes and in describing and characterizing the ground motions and

ground failure these events are likely to generate.
• New knowledge about earthquake ground motions and the response of build-

ings to strong motion has been used to formulate provisions for the design and con-

struction of earthquake-resistant buildings; these provisions have been adopted as

part of national model building codes.
• Key factors leading to improved assessments of earthquakes have been devel-

oped by NEHRP. These factors include a comprehensive knowledge base which has
contributed to improved mitigation, preparedness, and emergency response. Addi-
tional benefits include transfer of information and technology to end users to di-

rectly impact societal needs related to recovery and retrofitting and reconstruction

of structures (buildings, lifelines and transportation corridors).
• Partnerships, collaboration and tecnnology transfer activities have been

strengthened among private and public organizations throughout the Nation for re-

search, development, and application of fundamental knowledge to improve policies
and professional practices.
The DOI and the USGS strongly support a proactive and efTective NEHRP and

are working with the other NEHKP agencies and the Congress to strengthen the
coordination and efTectiveness of this unique program. We are strongly committed
to a multi-agency NEHRP and to accelerating the reduction of earthquake risk

throughout the >fation. For over a decade, the USGS, in cooperation with the Fed-
eral Emergency Management Agency (FEMA), National Institute of Standards and

Technology (NIST), and the National Science Foundation (NSF), has conducted mul-

tidisciplinary studies to provide our Nation with an accurate understanding of the
causes and effects of earthquakes. We are working together with the four principal
NEHRP agencies to foster earthquake risk management throughout the United
States.

Significant new insights and techniques for assessing future earthquake potential
have emerged from NEHRP and include new probabilistic techniques to combine
data from a variety of observations to make forecasts of future earthquakes. Signifi-
cant advances have also been achieved in describing and characterizing ground mo-
tions expected to be generated in future events. And microzonation techniques, the
estimate of local site variations in earthquake efTects, are being developed under the
Hazards Mapping Act (California Assemoly Bill 3897) for future implementation in

California.

NEHRP COORDINATION EFFORTS

In response to the previous NEHRP reauthorization, a new, multiagency sub-
committee was created to develop a plan for post-earthquake investigations. Chaired

by the USGS, the program of post-earthquake investigations is organized to take ad-

vantage of the opportunity to use worldwide damaging earthquakes as a scientific

laboratory. The goal of NEHRP post-earthquake investigations is to document, un-

derstand, and explain what happened in each damaging earthquake to develop a

knowledge base that can be used to reduce losses from and evaluate the probability
of future earthquakes. All four NEHRP agencies described above have roles in con-

ducting or supporting post-earthquake investigations. Ten earthquakes were inves-

tigated in 1992-1994: Northridge, Klamath Falls, Mendocino, Landers-Big Bear,
Portland, Guam, Erzincan (Turkey), Cairo (Egypt), Managua, and Sea of Japan.
Each produced valuable information. As a follow-on to the Landers-Big Bear earth-

quakes, and most recently to the Northridge earthquake, USGS scientists-and their

colleagues to are reevaluating the probability of major earthquakes in southern
California.

Immediately after the Northridge earthquake, USGS personnel and cooperators
responded to monitor aftershock activity, coordinate with and provide information
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to lcx;al and Federal emergency officials, analyze strong motion seismograms, char-

acterize the type and extent of damage, and determine specific features of the

mainshock. The four NEHRP agencies, in cooperation with State and university
teams, gathered perishable information about previously unknown faults, ground
breakage and structural damage, and permanent ground deformation through de-

ployment of portable instruments. Of key interest has been the widespread nature
of strong ground motion and its relationship to the failure of lifelines and buildings.
The FY 1994 emergency supplemental appropriation provided funds for follow-up

studies to the San Fernando Valley earthquake. Funds have been distributed by
FEMA to the USGS, NSF and NIST. The highest priority USGS tasks will be ad-

dressed either through the four-agency program announcement, or through internal

USGS efforts funded with the $4.0M coming to the USGS from the $15.0M appro-
priated to FEMA. The highest priority tasks are:

1) Studying the hazard environment (assessing the earthquake source; assessing
the influence of geologic structures; and combining earth science information Into

products such as local site response maps that show variations in expected ground
motion)

2) Studying the built environment (siting and geotechnical engineering; building
and structures; urban infrastructure systems—lifelines; and risk and damage as-

sessments)
A new facility

—the Southern California Earthquake Center (SCEC)—has been
created to address the earthquake hazard in southern California. SCEC, a consor-

tium of seven research institutions in partnership with the USCjS and NSF, was es-

tablished in 1991 to improve forecasts of damaging earthquakes and their effects

through multidisciplinary earth science research. A fundamental goal of SCEC is to

develop a master model that will provide the basis for a time-dependent probabilis-
tic seismic hazard analysis of southern California.

Response of NEHRP agencies to the powerful earthquake which struck Japan on

July 12, 1993, is another recent example of a highly successful cooperative

postearthquake investigation. Under the auspices of the LJ.S.-Japan panel on Wind
and Seismic effects, NlST coordinated the effort with a number of other organiza-
tions including^ the Earthquake Engineering Research Institute (EERI), NSF,
FEMA, Forest Products Laboratory, the USGS and NOAA. A team of 12 from the

U.S. worked closely with a team of about 10 from Japan to gather information about
the geological, seismological structural, geotechnical, fire, and tsunami efTects.

The objectives of these investigations are to:

—assemble and set priorities on problems which can be addressed by studying
such earthquakes—acquire and analyze time sensitive or perishable information to establish a

knowledge base and to learn as much as possible from the
physical

and social as-

pects of the tragedy which cannot be duplicated in the researcn lab or on a computer—accelerate acquisition of fundamental knowledge on the earth science, engineer-

ing and sociology of earthquake risk management—increase the awareness of policy makers on the earthquake hazard and their

options for risk management—transfer technology to and from all regions of the Nation and other countries

to increase the capacity to adopt and implement earthquake risk management poli-

cies and professional practices—promote realistic change through scientifically based expansion of risk manage-
ment and policies throughout the ILS.
Refocus of emphasis on regional needs:
The USGS has reshaped its management and operational structure to accelerate

progress toward the USGS NEHRP goals. In 1990, the USGS, with participation of

its NEHRP partners, conducted a major strategic planning eftort for its
part

of the

NEHRP program. The resulting strategic plan, "Goals, Opportunities
and Priorities

for the USCfS Earthauake Hazards Reduction Program" defines four goals for the

USGS component of NEHRP, proceeding from basic scientific investigations to im-

plementation of research results. The fourth goal, "Using research results" is a

strong commitment to foster the implementation of research in mitigation, prepared-
ness, and emergency response programs.

Also, the USGS has placed nigh priority
on studies in four earthquake-prone re-

gions: the Pacific Northwest (including Washington, Oregon and Alaska), the San
Francisco Bay area, southern California, and the central U.S. (impacted by 4 great

earthquakes in 1811-1812). To determine where to focus USGS efforts, we looked

at two fundamental criteria:

• the seriousness of the earthquake hazard for a given region and
• the population density and the investment in economic infrastructure at risk

in that region.
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For each region, the USGS has appointed an on-site coordinator, who is charged
with identifying the needs of end users in the region and developing a comprehen-
sive program to meet these needs. In addition, the USGS continues to support work
in other geographic areas of high to moderate seismic risk such as the Wasatch fault

zone of Utah, the southeast, northeast and Hawaii.
Since the USGS last appeared before this committee, NEHRP-generated informa-

tion continues to stimulate the private sector to invest in-risk reduction measures.
In 1990, the USGS Circular 1053, "Probabilities of Large Earthquakes in the San
Francisco Bay Area, California," presented a consensus view of earth scientists that
there was a two-in-three chance of at least one magnitude 7 earthquake in the Bay
area during the next 30 years. The message of this technical report was interpreted
for the general public in the USGS-prepared, but multi-agency jointly sponsored,
newspaper insert "The Next Big Earthquake—Are You Prepared?" The insert, which
was published in English, Spanish, Chinese and Braille and distributed to 2.4 mil-

lion homes, also explained what concerned citizens could do to reduce the likelihood

of being injured or killed in an earthquake. These complementary reports, in com-
bination with reinforcing information from other sources, spurred significant per-
sonal mitigation and preparedness actions. Private corporations are now investing
hundreds of millions of dollars to strengthen their vulnerable structures in San
Francisco and Oakland. Utilities are investing to repair and strengthen under-

ground pipelines throughout the Nation. This finding, based on social science re-

search, is corroborated Dy a practicing structural engineer from San Francisco. He
states that his clients now recognize seismic safety as a key objective in the design
of new or the retrofitting of existing structures, whereas before they generally were
reluctant to accept the added expense to assure seismic safety.

NEHRP COORDINATION ACCOMPLISHMENTS

The USGS, with FEMA participation, has organized a group of Federal, State,
and local agencies and private sector organizations, which is planning workshops on

earthquake-generated landslides in the San Francisco Bay region and on the future
of Geographic Information Systems (GIS) in transmitting eartn science information.
The group is called the Coordinating Organization for Northern California Earth-

quake Research and Technology (CONCERT). The USGS, through a cooperative
agreement with the Applied Technology Council, has sponsored five extremely suc-

cessful, well-attended regional workshops to enhance constructive dialogue between
USGS earthquake scientists and practicing engineers. The objectives are to ensure
that new technologies and applied research results produced by the USGS are trans-
ferred effectively and promptly to the engineering community.
External grants supported by NEHRP have resulted in authoritative documents

containing earthquake mitigation information aimed at all elements of the general
public and, especially local planners in Utah and in northern California. The Utah
publications include a brochure ("A Guide to Redressing Losses from Future Earth-

quakes in Utah—Consensus Document") and a book ("Expert Synthesis and Trans-
lation of Earthquake Hazard Results—A Book for non-Scientists in the Wasatch
Front Region"). The California publication ("On Shaky Ground"), stimulated by the
Mendocino earthquake in 1992, is a newspaper insert addressed specifically to resi-

dents of the North Coast who need guidance on how to deal with their particular
risks for preparedness.

Great progress has been made in improving our understanding of risk in the Pa-
cific Northwest, (jeologic studies of tidal fiats of the coastline indicate that infre-

quent, great earthquakes have occurred before on the Washington, Oregon, and
Northern California coasts. In response to this new realization, Washington and Or-

egon have recently proposed revisions to building codes in many potentially im-

f

acted counties. A recent annual meeting of the Earthquake Engineering Research
nstitute. in Seattle, devoted two sessions to discussion of risk-reduction measures

in response to the new discoveries coming from these NEHRP-sponsored investiga-
tions.

Examples of risk-reduction measures spurred by NEHRP-generated knowledge
are not limited to the western states. The USGS and FEMA are currently collabo-

rating to support reaching a consensus on the earthquake potential in the New Eng-
land states. A regional conference is being planned for this winter.

In the Central United States, recent geologic studies have led to the identification
and delineation of a large prehistoric magnitude earthquake in the Wabash Valley.
The recognition of this event in an area adjacent to which the large earthquakes
occurred in 1811-12, increases the size of the region now known to be capable of

generating damaging earthquakes and strong ground-motion. Although the annual

probability of a damaging earthquake is low, the region is vulnerable because of

na-K.'n n
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high population density, a large number of old, hazardous, unreinforced masonry
buildings, and risk management policies that vary from state to state. The Central

United States Earthquake Consortium (CUSEC), which represents 15 States, has
made good progress in increasing hazard awareness in the regions through USGS-
assisted workshops, but much more needs to be done to change risk management

golicy

and practices. CUSEC has formed working partnerships with the USGS and
tate geological surveys and has encouraged involvement of universities and private

sector companies in the region.
In response to this Subcommittee's 1990 amendments to the National Earthquake

Hazards Reduction Act, the USGS has established, using existing facilities, a Center
for the International Exchange of Earthquake Information. The USGS' National

Earthquake Information Center (NEIC) in Golden, Colorado has assumed respon-
sibility for this function.

Recent damaging earthquakes are a reminder of continuing hazard. The USCJS is

continually making strides to improve our understanding of the earthquake risk

throughout the United States. We do know many of the characteristics of earth-

quakes that have affected particular geographic regions in the past, decent experi-
ence and our current level of knowledge inaicate that California is exposed to the

most eminent earthquake threat of any of our contiguous States. A recent progress

report ("Future Seismic Hazards in Southern California, Phase I: Implications of the

1992 Landers Earthquake sequence") concluded that the yearly probability of a

magnitude 7 or larger earthquake has increased as a result of the Landers earth-

quake sequence. This report, aimed at disaster-preparedness personnel, science

writers, the public and the earth science community, represents development of con-

sensus about contemporary hazard in southern California and was prepared by indi-

viduals representing the National Earthquake F*rediction council (NEPEC), the Cali-

fornia Earthquake Prediction Council (CEPEC), and the Southern California Earth-

quake Center (SCEC). A second report to be published in the next several months
will quantitatively address the more difficult problems identified in Phase I and will

consider in more detail additional faults and earthquake probabilities in the broader
southern California region.
Other regions which have a high earthquake hazard are Alaska, Hawaii and the

Puerto Rico-Virgin Islands region. The states of the Pacific Northwest, the Central

United States, and the Northeast have historically experienced major earthquakes
but the knowledge base is incomplete for these regions in terms of answering the

questions: where, how big, and when.
The understanding of earthquakes by the Nation's populace of 250 million varies

widely at present, but hazard awareness of the public is improving. The capacity
to construct earthquake resistant buildings and lifelines in earthquake-prone re-

gions varies greatly from state to state, or even from one local jurisdiction to an-

other, but it is also improving. Additional gains will be made as the state of sci-

entific understanding of the local earthquake threat and the quality and effective-

ness of risk reduction measures being taken locally are increased.

Each damaging earthquake is a reminder that we still have a great deal to learn.

In conclusion, the USGS values the guidance and suggestions of this Subcommittee
as to how we can better serve the needs of the Nation. Although we can point to

major gains that have occurred as a direct result of the NEHRP in the past three

years, there is still much to be accomplished; and, we look forward to a significant
continued role and accomplishments in this very important National program.

Senator Rockefeller. Thank you very much, Dr. Eaton. Dr.

Bordogna.

STATEMENT OF DR. JOSEPH BORDOGNA, ASSISTANT DIREC-
TOR FOR ENGINEERING, NATIONAL SCIENCE FOUNDATION

Dr. Bordogna. Mr. Chairman, Senator Burns, NSF is pleased to

be one of the principal agencies in the National Earthquake Haz-
ard Reduction Program. Participating in the program is consistent

with our policy of integrating NSF's activities with those of other

agencies when it is in the best interests of the nation. NEHRP has
taken significant steps, in cooperation with local and State organi-

zations, in meeting the challenges posed bv earthquake hazards,
and we are happy that NSF has been a full partner in this effort.

Since its founding, NSF's mission has remained focused on its

charge, to support science and engineering research and education.
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to advance national health, prosperity, and welfare. We focus on re-

search and education as synergistic investments and as integral in-

separable components of our mission. This leads to federally funded
research which has identifiable economic and social benefits, as
well as representing excellence in science and engineering per se.

Earthquake research activities are supported at NSF in both the

geosciences and the engineering directorates. Fundamental sci-

entific earthquake research is supported in the geosciences direc-

torate, while the engineering directorate funds earthquake engi-

neering research and socioeconomic studies on earthquake hazard
mitigation and preparedness. Significant progress is being made
through these programs in understanding plate tectonics and
earthquake processes, geotechnical and structural engineering, and
the societal impacts of earthquakes.
NSF has attempted to further the advance of knowledge on

earthquake hazards and techniques for coping with them by ena-

bling talented individual investigators, as well as engineering
teams in centers, to conduct both research fundamental to the engi-

neering process and research focused on a specific need.
The two centers that we are currently supporting which focus on

earthquake hazards are the National Center for Earthquake Engi-
neering Research and the southern California Earthquake Center,
the latter funded in collaboration with USGS. To further the de-

ployment and utilization of research results, NSF is also involved
in significant dissemination and education activities, including pub-
lications, on line data centers, computer networks, the education
and training of the next generation of researchers and practition-

ers, and information clearinghouses. Although much remains to be
done and technology deployment is a continuous process, work sup-
ported by NSF is reaching and being used by many professional de-

signers, planners, and emergency managers in areas at risk to

earthquakes.
One way of looking at the earthquake hazard across the country

is to view it as a problem separate from and unrelated to other

challenges facing the Nation. However, we feel that this is short-

sighted and that the best approach to finding solutions to this prob-
lem is to see it in broader systems terms and thus confront it at

the same time that related problems are being dealt with, maximiz-

ing limited resources in the process.
For this reason, NSF sees the seismic threat in the context of

badly needed improvements in the Nation's civil infrastructure gen-
erally which, if not properly addressed, could result in continued
deterioration in our quality of life and impairment in our ability to

compete economically in the global marketplace.
We expect that the earthquake research programs at NSF will

contribute to a new research initiative we are undertaking, entitled
"Civil Infrastructure Systems," by focusing on such topics as vul-

nerability assessment technologies, retrofit repair and replacement
techniques, smart materials and advanced structural systems, and
intelligent control systems.

Let me conclude with a few comments about NSFs involvement
in the investigations following the January 17, 1994 Northridge
earthquake. Like NSF-sponsored postearthquake investigations in
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the past, our activities have been closely coordinated with those

being carried out by the other NEHRP agencies.

Immediately after the earthquake, interdisciplinary teams spon-
sored by NSF moved to the earthquake site to conduct postdisaster
audits and to collect perishable data on strong ground motions, im-

pacts on buildings and civil infrastructure systems generally, and
social and economic effects. At the same time, the NEHRP agencies
met on a regular basis to develop plans to carry out a long-term
program of research made possible by a $15 million special appro-

priation from the Congress.
A coordinated program of research, information dissemination,

and mitigation activities will be carried out internally by FEMA,
USGS, and NIST. An external research program will be carried out

through NSF in partnership with the other NEHRP agencies, fo-

cusing on learning lessons from the Northridge earthquake on the

hazard environment, the built environment, and socioeconomic im-

pacts. These cooperative NHERP activities offer the promise of

major advances in earthquake hazard mitigation in the Nation.

Senator Rockefeller. I am sorry. I did not understand your dis-

tinction between internal and external. They both sounded the

same to me.
Dr. BORDOGNA. The external research program solicits proposals

from the external community which we merit review and fund, and
the internal research program is conducted inside the agencies.
Senator Rockefeller. I see.

Dr. BoRDOGNA. NSF does not do research itself, it supports it.

That is one major difference between external and internal.

We at NSF look forward to our continued cooperation with

FEMA, USGS, and NIST under the NEHRP banner as we work to

achieve, in partnership with local. State, private sector groups, and
other Federal agencies, the national goal of increased earthquake
hazard reduction.

That completes my testimony.
[The prepared statement of Dr. Bordogna follows:]

Prepared State.me.nt of Dr. Joseph Bordogna

Thank you for giving the National Science Foundation the opportunity to testify

today on the reauthorization of the National Earthquake Hazards Reduction Act,
which established the National Earthquake Hazards Reduction Program (NEHRP)
in 1977. NSF is very pleased to be one of the principal agencies in NEHRP. Partici-

pating in the program is consistent with our policy of integrating NSF's activities

with those of other agencies when it will facilitate the achievement of national

goals, which in the case of NEHRP is the reduction of deaths, injuries and property

damage caused by earthquakes. We feel that NEHRP, in cooperation with other

Federal agencies and local and State organizations throughout the country, has
taken significant steps toward meeting this challenge and we are pleased that NSF
has been a full partner in this efi'ort.

As you realize, the U.S. is one of many countries around the world that lives with

the threat of earthquakes. And even though much remains to be done by NEHRP
in helping to make our nation safer from this threat, much has been accomplished
by the program. Recognition of our relative progress in countering earthquake haz-

ards comes from the many countries that look to us for leadership and who are

eager to join NSF and the other NEHRP agencies in cooperative activities.

It is a major challenge for NSF and the other NEHRP agencies to develop cooper-
ative efibrts to improve seismic safety in the built environment. The existing stock

of buildings and lifelines have a estimated replacement value in excess of $20 tril-

lion, or 20,000 times the 1994 NEHRP budget, which annually approaches $100 mil-

lion. This makes it imperative that NEHRP concentrates on those types of research,
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education, code analysis and other activities that can provide the basis for cost-efTec-

tive hazard reduction in the built environment.
To put our involvement in NEHRP in context, I would like to begin with some

remarks about the NSF mission. Then I will discuss specifically the role of NSF in

NEHRP.
In recent years the pace of change in science and engineering, along with the pace

of change in domestic and world affairs, has been startling. Vet NSF's mission has
remained consistently relevant and true to its charge: to support science and engi-
neering research and education in order to advance national health, prosperity, and
welfare.

At NSF, we focus on research and education as synergistic investments and as

integral, inseparable components of our mission. Federally funded research can and
should have identifiable economic and social benefits, as well as represent excellence
in science and engineering.
The strategy we are pursuing at NSF aims to continue the nation's tradition of

excellence across the frontiers oi scientific and engineering knowledge. And in part-

nership with other Federal entities, we seek to enhance the societal return on in-

vestments in scientific and engineering research made by the Federal government
through NSF.
We place great emphasis on the context in which the research occurs—contexts

that are relevant to national goals in such areas as education, environmental sus-

tainability, and the creation of reliable and safe civil infrastructure systems. This

approach demands a more global understanding of the process of scientific discov-

ery, an appreciation for how it relies on the dinusion of knowledge, and an aware-
ness of how both of these are related to technological innovation. It gives us an op-
portunity (and an obligation) to build a stronger connection between the Federal in-

vestment in R&D and eventual benefits for the public good.
NSF supports research in many disciplines, and this is reflected in the role we

are assigned in NEHRP and the expectations of Congress as reflected in the 1990
NEHRP reauthorization legislation. That le^slation calls for NSF to support studies
in the earth sciences, eartnquake engineenng, and the social sciences which com-

plement the activities of the other principal NEHRP agencies.
Since an integrated body of knowledge is needed for coping with earthquake haz-

ards, NSF encourages researchers to conduct cross-disciplinary research and to

share the results of their eflbrts with those both within and outside their own dis-

ciplines. However, intellectual integration is difficult to achieve and much remains
to be done to facilitate this.

Earthquake research activities are supported at NSF in both the Geosciences and
Engineering Directorates. Fundamental earthquake research is supported in the
Geosciences Directorate, while the Engineering Directorate funds earthquake engi-
neering research and social science research related to earthquake hazard mitiga-
tion and preparedness. Significant progress is being made through these programs
in understanding plate tectonics and earthquake processes, geotechnical and struc-

tural engineering, and the social and economic consequences of earthquakes.
NSF has attempted to further the advancement of knowledge dealing with earth-

quake hazards and techniques for coping with these by enabling talented individual

investigators, university consortia and centers to conduct both fundamental and fo-

cused research, for example, the new world-wide on-line seismic network installed
under NSF support provided data for NSF-supported university research groups
that developed a rapid model of an earthquake's size, location, and orientation. The
signals and solutions are available on e-mail via the Internet and are now routinely
used for emergency response to earthquakes and tsunamis in the U.S. and around
the world, individuals and teams of researchers supported by NSF continue to make
major contributions to earthquake hazard mitigation through analytical, experi-
mental, and field investigations.
Timely studies done in conjunction with the other NEHRP agencies using such

events as the 1989 Loma Prieta earthouake, the 1992 Landers earthquake, and the

January 17, 1994 Northridge earthquake as natural laboratories, are producing sig-
nificant results which are being disseminated to potential users across the nation.

For
example,

a Loma Prieta Clearinghouse was created under NSF sponsorship to

serve as tne national focal point for tne collection and dissemination of information
on the Loma Prieta earthquake. Also the NEHRP agencies sponsored a symposium
which was held on March 22-23, 1993 that considered the implications of the Loma
Prieta earthquake for hazard reduction in the nation. Over 400 professionals at-

tended this symposium, including earth scientists, structural engineers, architects,
and emergency managers. The seismic hazard in southern California is currently
being reviewed in light of new data from recent earthquakes and new technology
by the NSF-supported Southern California Earthquake Center in collaboration with
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the U.S. Geological Survey and the State of California. Results of this important
study, "Future Seismic Hazards in Southern California", are divided into two parts:
Phase I deals with the immediate implications of the 1992 Landers earthquake se-

quence, and Phase II is a complete re-analysis of the seismic hazard in greater
southern California. Phase I has been distributed to agencies and the pubuc and
Phase II is in its final stages.

RESEARCH CENTERS

Let me say a word about research centers since they play a prominent role in

NSF's activities. The National Center for Earthquake Engineering Research
(NCEER) was established at the State University of New York in Buitalo with a

five-year award from NSF in 1986 and was renewed for another
five-year period in

1991, contingent upon continued progress and the availability of NSF fiinds.

NCEER was created to further strate^c problem-focused research in earthquake en-

gineering that would be integrated with investigations from seismology and the so-

cial sciences. NCEER is also expected to advance the dissemination and transfer of

research results to user groups, and to leverage NSF funds with support from other

sources, including the State of New York, industry, and other organizations. Work-
ing with a consortium of institutions and representatives from industry and govern-
ment, NCEER has made major progress to date, focusing on seismic-safety research
related to buildings, nonstructural elements, lif^elines and bridges. One measure of

NCEER's success is that the results of some of its problem-focused research have
been adopted by practitioners and code groups from California to the Central U.S.

and East Coast.
The Southern California Earthquake Center (SCEC) was established in 1991 to

integrate and advance the science of earthquake hazard estimation and reduction
in a specific region. SCEC is an NSF Science and Technology Center and is sup-
ported in collaboration with one of our NEHRP partners, the U.S. Geological Sur-

vey. SCEC has successfully integrated the resources of the region's major univer-

sities, city and county governments California OfTice of Emergency Services and Di-

vision of Geology, and federal agencies in a concerted response to the earthquake
threat. A good example of this unparalleled capability is the leading focus that
SCEC supplied to the immediate scientific response to the 1992 Landers and 1994

Northridge earthquakes and a reevaluation of future earthquake hazard of the re-

gion. This reevaluation for the first time integrates knowledge from seismicity, new
geodetic technology, new geologic discoveries, and local site conditions in an exciting
new framework of earthquake hazard evaluation.

DISSEMLNATION/EDUCATION ACTIVITIES

NSF, then, supports a range of research activities, some of which involve fun-

damental questions and others which are more problem focused in nature. This re-

search represents the initial stage in the earthquake hazards reduction process. To
the extent that they learn about the results of this research, it can form the basis

for action by earthquake hazards reduction professionals. Thus it is important that
we disseminate the results of such research to potential users. For this reason, NSF
facilitates research utilization through multiple mechanisms, including publications,
on-line data centers, computer networks, the education and training of the next gen-
eration of researchers and practitioners, information clearinghouses, and such dis-

semination activities as workshops, conferences and seminars. NSF also supports re-

search on the factors that facilitate and hinder implementation in the earthquake
field.

We believe that NSF has been successful in providing the knowledge base—in the
earth sciences, earthquake engineering, and the social sciences—that has facilitated

hazard mitigation actions throughout the nation. For example, research results from
NSF sponsored projects have served as the foundation for the implementation activi-

ties of other partners in the earthquake field. The work by NIST, FEMA, the Ap-
plied Technology Council, and the Building Seismic Safety Council, which has re-

sulted in the ^fEHRP recommended provisions for earthquake-resistant building de-

sign, would not have been possible without the prior work sponsored by NSF. These

provisions have been adopted by the nation's principal code bodies and thus are hav-

ing a very significant impact on our readiness to counter large earthquakes. Simi-

larly, regional organizations like the California Office of Emergency Service's Earth-

quake FVogram, the Central United States Earthquake Consortium and many local

organizations are using results from NSF projects that are relevant to their earth-

quake preparedness activities.

Although much remains to be done and technology transfer is a continuous proc-

ess, our work is clearly reaching and being used by many professional designers.
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planners and emergency managers in areas at risk to earthquakes. The consensus
is that the Loma Prieta, Landers and Northridge earthquakes would likely have
caused far more deaths and injuries, would have resulted in much greater property
loss, and would have far exceeded the actual social and economic disruption had it

not been for the research and related activities carried out by NSF and the other
NEHRP agencies, along with the actions of local and State ofncials and the private
sector. These earthquakes, as tragic as they were, fell far short of the consequences
felt by the people who experienced a similar-sized earthquake in Armenia in 1988.

Unfortunately, the people of Armenia did not have the benefit of the type of infor-

mation available to building designers, planners and emergency managers in the
U.S. which resulted in greater protection for the U.S. population.

THE FUTURE

NSF will continue to seek a proper balance between support for both fundamental
and strategic problem-focused research. The former remains important because it

provides the underpinning for our strategic research, and the problem-focused ef-

forts are vital because they facilitate rapid movement towards the development of
effective earthquake hazard reduction measures. Our decisions on what problem-fo-
cused research NSF should consider supporting will rely increasingly on NEHRPs
strategic planning process which is now taking shape. Remaining important too will

be input that is received from the research and user communities through our var-
ious advisory committees and from such mechanisms as research and user con-

ferences and workshops. The reviews of the nation's earthquake hazards reduction

activity being carried out by the Office of Science and Technology Policy and the
Office of Technology Assessment will also be important in shaping NSF programs
in the future.

A workshop held in Washington, D.C. on June 17-18, 1993 to discuss directions
for NSF research in the next decade and its role in NEHRP deserves special men-
tion. A select group of forty researchers and practitioners participated in the work-

shop, along with representatives from the NEHRP agencies. The workshop provided
an excellent forum for the discussion of past NSF accomplishments, its role in fun-
damental and problem-focused research, and opportunities for fiature research. Par-

ticipants credited NSF with making significant contributions to NEHRP and hazard
reduction in the nation over the years. The consensus also emerged that NSF should
continue to give attention to fundamental research as well as continue to fund the
more problem-focused type of projects that have emerged in recent years, such as
those that have been funded through our Seismic Repair and Rehabilitation of Ex-

isting Hazardous Buildings and Precast Seismic Structural Systems initiatives. The
latter are not the tightly managed efforts suggested by the >fational Advisory Com-
mittee in its report, out NCEEK was establisned in part to carry out such activities,
and they can continue to do so. Indeed, the major highway projects now being car-

ried out by NCEER, under Federal Highway Administration (FHA) sponsorship,
and

SCEC, under California Department of Transportation and City and County of Los

Angeles sponsorship, clearly fall into the genre of managed problem-focused re-

search.
One way of looking at the earthquake hazard across the country is to view it as

a problem separate from and unrelated to other challenges facing the nation. How-
ever, we feel that this is short sighted and that perhaps the best approach to finding
solutions to this problem is to see it in broader systems terms and thus confront
it at the same time that related problems are being dealt with, maximizing limited
resources in the process. For this reason, NSF sees the seismic threat in the context
of badly needed improvements in the nation's infrastructure which, if not properly
addressed, could result in continued deterioration in our quality of life and impair-
ment of our ability to compete on the global economic scene. In a major NSF work-
shop and subsequent publication, earthquake research related to such elements as

buildings and power systems was defined as vital for solving key infrastructure

problems in the U.S. NSF has planned a major new research initiative on Civil In-
irastructure Systems (CIS) and earthquake research will play a vital role in this ef-

fort. The involvement of NSF earthquake investigators in future CIS research
should make more resources available to them and, even more importantly, should

complement he role they presently play in NEHRP.
We expect that the earthquake research programs at NSF will contribute to our

CIS efforts by focusing on such topics as vulnerability assessment technologies; ret-

rofit, repair and replacement techniques; smart materials and advanced structural

systems; and intelligent control systems. Efforts will be made to carry out such worit
in partnership with other organizations in both the public and private sectors.
MEHRP provides a very good model of just how such partnerships can be forged.
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NCEER has already shown significant leadership in linking earthquake research
with efforts to improve the nation's civil infrastructure. It has received a six-year
$14.2 million award from the FHA to conduct research on seismic hazards related

to highway construction. The funds will enable NCEER to pursue research leading
to the design of more seismic resistant new highway systems, including roads and

bridges, and the rehabilitation of existing systems. This new research program is

integrated with NCEER's continuing research activity that is being supported by
NSF and the State of New York.

RESPONSE TO THE NORTHRIDGE EARTHQUAKE

Now let me make a few final comments about the NSF response to the January
17, 1994 Northridge earthquake. Like NSF-sponsored post-earthquake investiga-
tions in the past, our activities have been closely coordinated with those being car-

ried out by the other NEHRP agencies.
NSF and other NEHRP agency officials were in contact with each other on the

day of the earthquake when it became clear that the earthquake would have signifi-
cant impact on the Los Angeles area. The NEHRP agencies discussed plans to learn

mitigation lessons from the earthquake, which would initially involve the collection

of perishable data and information, and the need to organize a long-term program
of studies that would support future mitigation and preparedness efTorts in Califor-

nia and the rest of the nation.

Immediately after the earthquake, interdisciplinary teams sponsored by NSF
moved to the earthquake site to conduct postdisaster audits and to collect crucial

perishable data on strong ground motions, impacts on buildings and civil infrastruc-

ture systems, and social and economic effects. The Southern California Earthquake
Center had a particularly important role to play because it is located in the im-

pacted area and is focused on the earthquake hazard in southern California. Other

organizations that sent teams to the area and made major contributions to these

early investigations include the National Center for Earthquake Engineering Re-
search and the Earthquake Engineering Research Institute.

Portable instruments were immediately transported to the impacted area to col-

lect data on the numerous aftershocks; this information will provide insight into the

causes of the earthquake and the nature of future risks.

To expeditiously increase the number of needed post-earthquake investigations.
NSF used the strategy of making fast-track funding available to investigators

through our Small Grants for Exploratory Research Program and by providing sup-

plemental funding to several existing projects.

During the time that the attention of the NEHRP agencies has focused on initial

data collection efforts, plans to carry out a program of intermediate and long-term

investigations of the earthquake and related activities have also evolved. The
NEHRP agencies have met on a regular basis since the earthquake to develop such

plans, which will soon be implemented as the result of a $15 million special appro-

priation from Congress. A coordinated program of research, information dissemina-

tion, and mitigation activities will be carried out internally by FEMA, USGS, and
NIST. An external research program will be carried out through NSF in partnership
with the other NEHRP agencies focusing on learning lessons from the Northridge

earthquake on the hazard environment, the built environment, and socioeconomic

impacts. These cooperative NEHRP activities offer the promise of major advances

in earthquake hazard mitigation in the nation.

Initial studies of the Northridge earthquake have again demonstrated how much
we still have to learn about such events. For example, the extremely large ground
motions measured in the Northridge earthquake have changed our ideas about how

large earthquake ground motions can be. This new insight is in part related to the

nature of the Northridge earthquake fault, a newly recognized class termed "blind

thrust fault" that underlies much of southern California and other parts of the

world. An immediate challenge for research is to determine the implications of this

new knowledge for the built environment.

Finally, we at NSF look forward to our continued cooperation with FEMA, USGS
and NIST under the NEHRP banner as we work to achieve, in partnership with

local. State, private-sector groups, and other Federal agencies, the national goal of

increased earthquake hazard reduction.

Senator Rockefeller. Thank you.
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STATEMENT OF DR. RICHARD WRIGHT, DIRECTOR, BUILDING
AND FIRE RESEARCH LABORATORY, NATIONAL INSTITUTE
OF STANDARDS AND TECHNOLOGY
Dr. Wright. Mr. Chairman, members, I appreciate the oppor-

tunity to testify for the National Institute of Standards and Tech-

nology on the reauthorization of the National Earthquake Hazard
Reduction Program. In the National Earthquake Hazard Reduction

Program, the National Institute of Standards and Technology is re-

sponsible for problem-focused research and development to improve
building codes and standards and practices for structures and life-

lines. This role complements the lead agency role of the Federal

Emergency Management Agency, the applied earth sciences role of

the U.S. Geological Survey, and the fundamental engineering and
earth sciences roles of the National Science Foundation.
The National Institute of Standards and Technology also is re-

sponsible for chairing and providing technical secretariat support
to the Interagency Committee on Seismic Safety and Construction,
through which 30 Federal agencies concerned for seismic safety col-

laborate to develop and incorporate earthquake hazard reduction
measures in their programs.
The vision of the earthquake program is that earthquakes are in-

evitable natural hazards but need not be inevitable disasters. In

spite of its limited resources in NEHRP, NIST has made substan-
tial contributions to achieving the vision of the problem. We look
forward to further and accelerated progress.
Our appropriation in fiscal year 1994 is $1,532,000. In addition,

we received $1.5 million from the emergency supplemental appro-
priation for investigation of the effects of the January 17

Northridge earthquake. Other funding has been provided by other
Federal agencies, such as FEMA and the Department of Housing
and Urban Development, for technical support of their programs.
I would note that the authorization provided for in H.R. 3485 for

fiscal years 1995 and 1996 does not accommodate the President's

request of $1,932,000 for NIST for fiscal year 1995.

NIST has participated in the meetings of the Policy Coordinating
Group, made up of the Presidential appointees of each principal

agency that are responsible for its work in NEHRP. This group has

provided policy-level direction in preparation of the coordinated and
consolidated budget and its presentation to the Office of Manage-
ment and Budget, the development of the 5-year plan, the initi-

ation of strategic planning, and the establishment of the NEHRP
advisory committee.

I have represented NIST in the Interagency Coordination Com-
mittee, whose members are the senior line managers of the partici-

pating agencies. This provides management direction in the prepa-
ration of the budget for NEHRP, its presentation to the Office of

Management and Budget, the development of the 5-year plan, and
the preparation of the strategic plan.
As I mentioned, we provide the secretariat and the chairmanship

for the Interagency Committee on Seismic Safety and Construction.
This has provided support for the implementation of Executive
Order 12699, Seismic Safety of Federal and Federally Assisted or

Regulated New Building Construction, development of rec-

ommendations for standards for assessing and enhancing the seis-
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mic safety of existing Federal buildings, and planning for develop-

ing and adopting seismic standards for lifelines.

As a result of the special supplemental funding provided for in-

vestigations following the 1989 Loma Prieta, NIST has been able

to conduct problem focused engineering research to address a num-
ber of major needs for improvement of seismic design and construc-

tion practices. With this special supplemental funding, it was pos-
sible for us to collaborate in the studies with leading researchers

from universities and the private sector. Over 70 reports and pa-

pers have been published and disseminated to the earthquake engi-

neering community by NIST since fiscal year 1991.

Furthermore, the emergency supplemental funding for study of

the effects of the 1994 Northridge earthquake will allow NIST to

address certain critical issues in collaboration with academic and

private sector researchers. These include the performance of clad-

ding, steel-framed buildings, rehabilitation of unreinforced masonry
buildings, guidelines and criteria for electrical power systems, and
fire protection systems.
The losses from the Northridge earthquake on January 17 are es-

timated to be a total loss, including indirect economic effects, of $30
billion. It could be the costliest natural disaster in U.S. history. Se-

vere ground shaking caused damage to over 11,000 homes, residen-

tial buildings, and commercial structures. Six major highway struc-

tures collapsed and damage to over 150 highway overpasses oc-

curred.
In addition, there was loss of power and water supply to tens of

thousands of residents for an extended period of time, as well as

fires that destroyed houses and mobile homes in several mobile

home parks. If it had not been for the earthquake occurring on a

holiday, at a time when most people were home in the safest build-

ings, small homes, the losses could have been much larger than the

reported 58 deaths.

NIST, working with the member agencies of the Interagency
Committee on Seismic Safety and Construction, participated in the

postearthquake investigation to observe and document the perform-
ance of various infrastructure systems, and published its report in

March 1994. And with your permission, Mr. Chairman, I will offer

the report for the record.

[The information referred to may be found in the committee

files.]

Dr. Wright. The National Earthquake Hazard Reduction Pro-

gram gains greatly from international and national collaborations

in learning about earthquake effects, mitigation practices, and im-

plementation mechanisms. I would note that the U.S. -Japan Panel

on Wind and Seismic Effects is right now meeting in Gaithersburg,

MD, bringing together 16 U.S. agencies and 6 Japanese agencies
to work collaboratively on improving the resistance to severe winds
and to earthquakes, and to collaborate in research activities.

The earthquake program depends strongly on professional and

industry associations in the United States for development of edu-

cation in and implementation of earthquake hazard reduction prac-

tices. NIST has been successful in encouraging collaborative activi-

ties and participating in and leading the work of collaborating or-

ganizations.
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Our longer statement describes some of the key national and
international activities in which we participate.
Thank you, Mr. Chairman.
[The prepared statement of Mr. Wright follows:]

Prepared Statementt of Dr. Richard N. Wright

Mr. Chairman and members, I appreciate the opportunity to testify for the Na-
tional Institute of Standards and Technology (NIST) on the reauthorization of the
National Earthquake Hazards Reduction Program (NEHRP).

INTRODUCTION

In the National Earthquake Hazards Reduction Program, NIST is responsible for

problem-focused research and development to improve building codes and standards
and practices for structures and lifelines. This role complements the lead agency
role of the Federal Emergency Management Agency (FEMA), the applied earth
sciences role of the U.S. Geological Survey (USGS) and the fundamental engineering
and earth sciences research role of the National Science Foundation (NSF). NIST
also is responsible for chairing and providing technical secretariat support to the

Interagency Committee on Seismic Safety in Construction (ICSSC) through which
Federal agencies concerned for seismic safety collaborate to develop and incorporate
earthquake hazard reduction measures in their programs.

This testimony covers:

—Funding for NIST in NEHRP,—
Participation in and perspectives on the management and planning of NEHRP,—Support for developing and implementing earthquake hazard reduction prac-

tices,—Problem-focused engineering research,—Post-Northridge Earthquake Reconnaissance Investigation, and—National and international collaborations for earthquake hazard reduction.

The vision of NEHRP is that earthquakes are inevitable natural hazards, but
need not be inevitable disasters. In spite of its limited resources in NEHRP, NIST
has made substantial contributions to achieving the vision of NEHRP; we look for-

ward to further and accelerated progress.

FUNDING FOR NIST IN NEHRP

NIST's appropriation for NEHRP in Fiscal Year 1994 is $1,532,000. In addition,
NIST received $1,500,000 from the Emergency Supplemental Appropriation for in-

vestigation of the effects the January 17, 1994 Northridge eartnquake. Additional

funding has been provided by other Federal agencies, such as FEMA and the De-

partment of Housing and Urban Development (HUD), for technical support of their

programs. Table 1 shows NIST's NEHRP funding for Fiscal Years 1992 through
1994. The authorization provided in H.R. 3485 for Fiscal Years 1995 and 1996 does
not accommodate the President's request of $1,932,000 for NIST for FY 1995.

MANAGEMENT AND PLANNING OF NEHRP

NIST has made significant contributions toward the management and planning
of NEHRP.
The director of NIST has participated in the meetings of the Policy Coordinating

Group (PCG), made up of the Presidential appointees of each
principal agency that

is responsible for work in NEHRP. The PCG has provided policy-level direction in

the preparation of the coordinated and consolidated budget for NEHRP and in its

presentation to the OfTice of Management and Budget, in the development of the
Five Year Plan for NEHRP, in the initiation of strategic planning, and in the estab-

lishment of the NEHRP Advisory Committee.
I have represented NIST in the NEHRP Interagency Coordinating Committee

(ICC), whose members are the senior line managers of the principal agencies. The
ICC

provides policy-level direction in the preparation of the coordinated and consoli-

datea budget for NEHRP and in its presentation to the Office of Management and
Budget, in the development of the Five Year Plan for NEHRP, and in strategic plan-
ning. The ICC also coordinates the execution of the NEHRP program, including the

preparation of Congressionally-mandated studies and collaboration with private and
public sector elements of the earthquake community, and the development of the bi-

ennial NEHRP report to Congress.
NIST chairs and provides technical secretarial support for the Interagency Com-

mittee on Seismic Safety in Construction (ICSSC). Through ICSSC, thirty (30) Fed-
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eral agencies concerned with seismic safety collaborate in developing and incorporat-

ing earthquake hazard reduction measures in their programs. ICSSC continues its

strong support for the implementation of Executive Order 12699, "Seismic Safety of
Federal and Federally Assisted or Regulated New Building Construction," for the

development of recommendations for standards for assessing and enhancing the
seismic safety of existing Federal buildings, and for planning the development and

adoption of seismic standards for lifelines. These activities are updated in Section
4.

NIST has worked closely with the community concerned with earthquake safety
to determine research needs and irnplement research results. NIST participated ac-

tively in the deliberations of the NEHRP Advisory Committee. With regard to the

Rrincipal

recommendations of the Advisory Committee report of January 29, 1993,
fIST feels that:
• NEHRP has been the subject of successful efforts to improve management team

work; such efforts should be sustained and possibly improved as a result of the Ad-
ministration's review of the National Earthquake Hazard Reduction Programs. Pol-

icy issues can be resolved by the PCG. Scheduling constraints can be overcome by
allowing designees of the PCG members to represent and commit their agencies.

Planning and implementation of the program can be the responsibility of the ICC
with a clear requirement for each agency to keep the others informed of and in-

volved in activities affecting them.
• Incentives, not regulations, should be used to achieve iinplementation of earth-

quake hazard reduction measures by the private sector and State and local govern-
ments. Since earthquakes are but one of many natural and manmade hazards that
must be considered in the design, construction and use of constructed facilities,

earthquake hazard mitigation practices should be an integral part of the voluntary
standards and State or local regulations that govern safety measures. Incentives can
include the life cycle cost savings to be gained from avoiding the loss of function,

property and lives; reduced insurance premiums; and, eligibility to participate in

Federal assistance programs such as loans from Federally insured institutions and
Federally-insured loans. The latter incentive has been eftective in implementation
of Executive Order 12699. All rationally recognized model building codes have

adopted up-to-date seismic provisions for new buildings that now are being adopted
and enforced by State and local governments.

• Enhanced efforts are needed in problem-focused engineering research to de-

velop and implement cost- and performance-effective seismic practices for existing
and new buildings and lifelines. NIST has been active in problem-focused engineer-

ing research, as described subsequently in this statement, and is prepared tech-

nically for playing a larger role in the conduct, sponsorship and management of this

research.
• Quantitative vulnerability assessment methods are needed to define and dem-

onstrate cost effective risk reduction measures. We must appreciate the costs of not

reducing risks to determine the appropriate investment in risk reduction. NIST's ca-

pabilities in predicting structural performance and in economics can contribute sub-

stantially to these studies.

DEVELOPMENT AND IMPLEMENTATION OF EARTHQUAKE HAZARD REDUCTION PRACTICES

In accord with P.L. 101-614, NIST provides the chair and secretariat for the Inter-

agency Committee on Seismic Safety in Construction (ICSSC) through which 30
Federal agencies concerned for seismic safety collaborate to develop and incorporate

earthquake hazard reduction measures in their programs. FEMA funds the work of

the ICSSC secretariat. To link its activities to those of the private sector, the ICSSC
chair serves as a member of the Board of the Building Seismic Safety Council

(BSSC), and ICSSC members serve on many technical committees of BSSC.

Implementation of Executive Order

Following the President's issuance of Executive Order 12699, "Seismic Safety of

Federal and Federally Assisted or Regulated New Building Construction," in Janu-

ary 1990, NIST and ICSSC undertook a number of activities in support of the Exec-

utive Order's implementation.
To facilitate State and local building codes acceptable to the Executive Order,

NIST provided funding to translate the "NEHRP Recommended Provisions for the

Development of Seismic Regulations for New Buildings" into language suitable for

incorporation into the National and Standard model building codes and into lan-

guage suitable for incorporation in the American Society of Civil Engineers' Stand-

ard A7, "Minimum Design Loads for Buildings and Other Structures." In 1992 both

the National Building Code and the Standard Building Code have adopted the re-

quirements of the NEHRP recommended provisions.
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A study was conducted for the ICSSC on the equivalence to each other of the
NEHRP-recommended provisions, of the seismic provisions of the Uniform Building
Code, and of the National Building Code and the Standard Building Code—the
three nationally-recognized model building codes. In March 1992, ICSSC issued a
Recommendation that the seismic provisions of the current editions of the three
model building codes are appropriate for implementing the Executive Order. This
recommendation is very important for cost-effective seismic

safety.
The designer of

a Federal, or Federally-assisted or regulated building, can use the model building
code familiar to the locality without incurring either the expense or the possibility
of misunderstanding involved with the use of an unfamiliar special Federal seismic

requirement.
To assist Federal agencies in the implementation of the Executive Order, the

ICSSC developed "Guidelines and Procedures for the Implementation of the Execu-
tive Order on Seismic Safety of New Building Construction" and a model preamble
for use by agencies developing regulations or rules for implementation of the Execu-
tive Order in agency programs. The National Conference of States on Building
Codes and Standards developed for NIST a report titled "Seismic Provisions of State
and Local Building Codes and Their Enforcement." This report will assist Federal

agencies in identifying the model building code used in any given locality so that
the use of the seismic provisions of the current edition of the model code can be re-

auired
as a condition oi design and construction under the purview of the Executive

•rder. NIST further organized workshops for Federal agencies on the development
of regulations or rules for implementation of the Executive Order. NIST stafi have
made numerous presentations at national and regional meetings of design profes-
sionals and emergency managers on the requirements of and implementation of the
Executive Order.

In 1993 an effort was made to weaken the seismic provisions of the Standard
Building Code. ICSSC conducted a study to assess the impact of the proposed
changes. ICSSC, the Building Seismic Safety Council, and a leading building ouicial
testified against the proposed changes and achieved the 75 percent vote required to

maintain the integrity of the seismic provisions of the Standard Building Code.

Standards for Seismic Safety of Existing Federal Buildings
P.L. 101-614 calls for ICSSC to work with appropriate private sector organizations

in the development of standard.s for assessing and enhancing the seismic safety of

existing buildings constructed for, or leased by, the Federal government. The Presi-
dent is to adopt the standards by December I, 1994. With funding from FEMA,
NIST has worked with leading consulting engineering firms to draft a proposal for

the standards, balloted the proposal and obtained approval of ICSSC, and consulted
with the private sector in the balloting process.
The standards for assessing seismic safety of existing Federal buildings are based

on a document prepared by the Building Seismic Safety Council for FEMA (NEHRP
Handbook for the Seismic Evaluation of Existing Buildings). Concurrently, BSSC/
ATC/ASCE jointly are

developing Guidelines for the Rehabilitation of Existing
Buildings. This enort will, in aoout 1998, lead to national consensus standards that
can then supplement the Federal standard.

In order to ensure the consistent application of the standards for existing Federal

buildings throughout the government and the expeditious implementation of the

standards, the ICSSC has developed a proposed Executive Order for the President's
consideration. Both the Standards and the proposed Executive Order have been for-

warded to FEMA for transmittal to the Office of Management and Budget.

Plan for Seismic Standards for Lifelines

Lifelines are the public works and utilities systems that support most human ac-

tivities: family, economic and cultural. Lifeline systems include electrical power, gas
and liquid fuels, telecommunications, transportation, and water supply and sewers.
Failures of lifelines can be directly hazardous to life; examples are spills of flam-
mable liquids, conflagrations, explosions and collapses of structures. Often more sig-
nificant are indirect consequences of failures; examples include unlivability of homes
without power, fuel or transportation, and losses of employment and production
without lifeline services. The January 17, 1994, Northridge earthquake in the Los
Angeles area showed the impact on a region of lifeline system failures and interrup-
tions. A description of these impacts is given in Section 6 of this statement.
With funding from FEMA and NIST, NIST, working with appropriate private sec-

tor organizations and the NEHRP Advisory Committee, has developed the "Plan for

Developing and AdoptingSeismic Guidelines and Standards for Lifelines," as called
for in P.L. 101-614. The Plan focuses on developing recommendations for guidelines
and standards, testing and improving these recommendations in demonstration
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projects, encouraging and supporting the approval of these recommendations by the
standards and professional organizations serving the lifeline community, and work-

ing with the lifeline community to achieve their effective implementation. Since life-

lines are long-lived and regularly maintained, the Plan emphasizes the assessment
and mitigation of hazards of existing lifelines. The Plan is in review by FEMA and
0MB for submittal to Congress. The lifeline community is eager to initiate work on
lifeline guidelines and standards.

PROBLEM-FOCUSED ENGINEERING RESEARCH

As a result of the special, supplemental funding provided for investigations follow-

ing the 1989 Loma Prieta earthquake, NIST has oeen able to conduct problem fo-

cused engineering research to address a number of major needs for improvement of

seismic design and construction practices. Furthermore, the emergency supple-
mental funding for study of the effects of the 1994 Northridge earthquake will allow
NIST to address specific issues in collaboration with academic and private sector re-

searchers.

Note also, with this special, supplemental funding it was possible for NIST to col-

laborate in the studies with leading researchers from universities and the private
sector. A list of recent publications m)m NIST problem-focused engineering research
is attached as Appendix A. Collaborators in the research are noted for each project.

General Structural Performance

Site Specific Definition of Seismic Loads

The effects of Subsurface Conditions on Earthquake Ground Motions were studied
in collaboration with the University of California, Davis. The widely used computer

firogram
SHAKE for calculating the seismic response of semi-infinite, horizontally

ayered soil deposits was revised to increase the number of soil layers that could
be modeled, provide for user-specified moduli and damping relationships and make
the program conveniently usable on a personal computer. SHAKE results derived
from bedrock motions measured during the earthquake and measured soil properties
were compared to ground surface measurements. (Since bedrock motions were not
available directly below the ground surface measurements, analyses were based on
bedrock motions measured at similar epicentral distances.) Although the measured
earthquake intensities are generally less than the design earthquake intensities for

the measurement sites, results show that current design criteria underestimate the

amplitude of ground motions at periods of less than 2 seconds.

Criteria for Passive Energy Dissipation Systems
Studies of criteria for passive energy dissipation systems have considered the du-

rability of elastomeric isolation bearings and the force levels for which base-isolated

buildings should be designed. Experiences and standards related to the non-seismic
uses of elastomeric bearings, for instance as bridge bearings, are related to the per-
formance and durability requirements of seismic isolation bearings. Non-linear,
time-history analyses oi the response of steel moment frames, steel oraced frames,
concrete moment frames and concrete shear walls, designed to 25, 50 or 100 percent
of the resistance for fixed-base structures, show that equivalent behavior for base
isolated systems is obtained with 25 to 50 percent of the resistance required for

fixed-base structures.

Testing has become an essential element in the design and construction of seis-

mically isolated structures built in the U.S. Testing of tne isolation system prior to

installation is required by each of the existing building codes that deal with the de-

sign of isolated structures; however, standards do not yet exist for conducting these
much needed tests, and therefore, test procedures and results are subject to consid-
erable variability. NIST has recently completed the development of draft guidelines,
a pre-standard, for the testing of isolation systems. The guidelines address pre-qual-
ification, prototype and quality control testing. This work was conducted in collabo-

ration witn an oversight committee of experts from universities and industry. Work
to develop the final guidelines is currently underway. The final guidelines will be
based on feedback from industry review of the draft guidelines.

Condition Assessment Using NDT Methods

NIST studied the capability of commercial electromagnetic covermeters to locate

and determine the size of reinforcing bars in concrete. Such meters are relatively
insensitive to bar size and additional deeper layers of bars or presence of splices in

depth. Recommendations are provided for developing a standard test method and
for improvements of meter performance. This work complements earlier NIST devel-

opment of the impact-echo method for locating flaws at depth in concrete structures.
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Partially Reinforced Masonry Walls

NIST compared results available from U.S. and foreign tests of fully- and par-

tially-reinforced masonry shear walls to predictive equations for the ultimate ilex-

ural and shear resistance. Partially-grouted masonry, in which vertical reinforce-

ment is concentrated in a few cells and only those vertical cells containing reinforce-

ment are grouted, promises to be a cost-effective measure for construction of ma-

sonry buildings in moderately seismic regions. The Council for Masonry Research
has also suggested that NIST investigate the replacement of bond beams, which con-

tain the horizontal reinforcement needed to resist horizontal shear forces generated
by the seismic motions, with bed ioint reinforcement, which are electrically-welded
grids of reinforcing wire. This replacement also has a high potential for improving
tne productivity and enhancing the cost-effectiveness of the U.S. masonry construc-
tion industry. NIST staff have developed a detailed plan for a comprehensive, multi-

year experimental and analytical investigation on the shear strength of partially

grouted masonry shear walls. The experimental data is needed to calibrate an em-

pirical expression developed by NIST staff for predicting the shear strength of par-

tially-grouted masonry walls, as well as to verify existing finite element model of

masonry shear walls.

Performance of Buildings

Evaluation of the Performance of Seismically Retrofitted Buildings
NIST supported the Applied Technology Council to evaluate the effectiveness of

seismic retrofitting methods in the Whittier Narrows and Loma Prieta earthquakes.
Improved structural f)erformance was gained by thorough retrofit of unreinforced

masonry (URM) and
tilt-up buildings. Arbitrary and incomplete retrofitting may not

significantly improve periormance compared to unretrofitted buildings. Sufficient

data are not now available to conduct a detailed evaluation of retrofitting methods
used for buildings other than URMs and

tilt-ups. However, no serious damages were
observed of retrofitted steel, concrete, and timber structures during the Whittier
Narrows and Loma Prieta earthquakes.

Response Characteristics of Full Scale Buildings
In cooperation with the U.S. Geological Survey and the California Division of

Mines and Geology, dynamic properties of buildings derived from ambient vibration
data were compared to those derived from strong motion measurements during the

earthquake. Natural periods of vibration are smaller in ambient vibrations. Soil-

structure interaction can be responsible for 3 to 4 times increases in damping and,

consequently, substantial reductions in earthquake-induced forces and deformations.

Strengthening Methodologies for Reinforced Concrete Frame Buildings
In collaboration with Cornell University and the National Center for Earthquake

Engineering Research, system identification methods were used to develop (1)

hysteresis failure models for use in inelastic time history analysis, and (2) empirical
formulas for quick calculation of strength, drift ratio, and ductility, of bare frames
and frames strengthened by infill walls. Both methods were validated by comparing
analytical results with existing experimental results and are available for direct use
in design and for preparing guidelines.

Seismic Performance of Precast Concrete Beamto-Column Connections

In collaboration with the American Concrete Institute and the Structural Engi-
neers Association of California, analytical and experimental studies have been con-
ducted of the strength, stiffness, ductility and energy absorbing capacity of precast
concrete beam-to-column connections. Practical details and design criteria are being
developed to provide behavior equal to or better than monolithic beam-to-column
connections for moderate and high seismic zones.

Performance of Non-structural Components
The study will develop recommended provisions for the seismic design of non-

structural components in buildings. Non-structural components include such ele-

ments as suspended ceilings, exterior cladding panels, water pipes, ventilating
ducts, window glass, furniture, and mechanical equipment. Damage to non-struc-
tural components in earthquakes often costs as much as damage to the structure
itself. Current practices for seismic design of non-structural components are being
evaluated. A detailed study of critical non-structural components will follow to de-

velop recommended provisions for seismic design of non-structural components.

Seismic Resistance of Joints in Precast Concrete Shear Walls

Precast concrete structures are seldom used in seismically-active regions of the
U.S. due to unnecessarily restrictive design criteria in current building codes and
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standards. An experimental program is underway at NIST to evaluate the seismic
resistance of a variety of connection details for vertical and horizontal joints in pre-
cast concrete shear walls. The experimental data from this program are needed to

verify proposed design procedures for such connections, as well as to calibrate cur-
rent analytical models lor precast concrete structural systems. NIST staff, working
in close cooperation with the design and construction industry, have identified and
developed six connection details each for vertical joints and horizontal joints in pre-
cast concrete shear walls. These details promise improved seismic performance
while maintaining the cost-effectiveness of precast concrete construction. Experi-
mental work is now underway using a test facility which applies simulated seismic
loads.

Performance of Bridges

Inelastic Damage Analysis Applied to Double-Deck Highway Structures

In cooperation with the State University of New York at Buffalo, Cornell Univer-

sity and the University of Central Florida, the Inelastic Damage Analysis of Rein-
forced Concrete Structures program was extended to model the seismic response of
the Cypress Viaduct structure which collapsed during the 1989 Loma Prieta earth-

quake. Shear failure of the pedestal regions was predicted in agreement with the
assessment of the California Governor's Board of Inquiry. The analytical method de-

veloped can be used to examine retrofit options for double-deck structures.

Seismic Design of Bridge Columns
An integrated system design procedure for seismic loads has been developed and

demonstrated for the seismic design of bridge columns. In the procedure, an ensem-
ble of bedrock time histories is amplified by overburden soil conditions to drive a

non-lioear, hysteretic model of the structural system response. Optimum design pro-
cedures are employed to achieve desired behavior at minimum cost. Results assess
the reliability of current design criteria as functions of magnitude, epicentral dis-

tance, overburden soil profile, and structural proportions. Recommendations are pro-
vided for spiral reinforcing required for adequately ductile bridge column behavior.

Seismic Assessment, Repair and Retrofit of Bridges
With funding from NIST, the University of California at San Diego studied as-

sessment, repair and retrofit methods for bridge structures. The current status of
research on retrofit was examined and techniques used to repair and strengthen ex-

isting bridge structures in the U.S. and other countries were reviewed. Guidelines
were prepared for assessment, repair and retrofit of bridges. The approach to seis-

mic assessment is based on the mechanism force/displacement of the structural sys-
tem rather than the traditional capacity/demand approach. Recommendations are
made for further research, design studies and development of design and retrofit

practices.

Lifeline Earthquake Engineering

Estimating Soil Parameters Using System Identification Techniques

Liquefaction causes a large portion of all damage during earthquakes. The dam-
age is especially severe to lifeline structures such as pipelines. This research exam-
ined the state-of-the-art of the application of System laentification (SI) methods to

the liquefaction problem, with
special

attention to lifelines. System Identification
was shown to be a promising metnod to ascertain large strain soil properties in-situ.

Estimating In-Situ Liquefaction Potential and Permanent Ground Displace-
ment Due to Liquefaction

The study examined in-situ methods of estimating liquefaction potential. In situ

methods are preferred since it is impossible to test in the laboratory "undisturbed"

samples of loose soil deposits, which are most susceptible to liauefaction. The state

of practice is the Standard Penetration Test (SPT) based methoa. The Spectral Anal-

ysis of Surface Wave technique is esf)ecially suited for examining the large areal ex-

tent of lifeline routes. The state of the art for estimating permanent ground dis-

f)lacement3
is empirical. Several methods are examined; they appear to have rough-

y equal predictive abilities.

A Review of the Seismic Vulnerability of Water and Sewer Systems
Sustained service of water and sewer systems after a major earthquake is vital

to citizens' physical and economic well-being. This study reviewed the performance
of these lifelines during past earthquakes in the U.S., Japan, and other countries.

The most common source of damage was soil displacement. In general, flexible sys-
tems performed better than rigid ones, with failures concentrated at connections.
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The importance of proper anchorage of movable items cannot be over-emphasized.
Key topics for future research include reliable estimation of possible soil displace-
ment, liquefaction susceptibility, nonlinear behavior and soil damping, soil-structure
interaction, in-situ improvement of hazard-prone soils, non-destructive evaluation of
in-situ pipes, and improved design of connections.

Post-Northridge Earthquake Studies

Seismic Performance of Cladding Systems
NIST is evaluating the seismic performance of exterior architectural cladding ele-

rnents during the Northridge earthquake, and
developing energy dissipating clad-

ding systems for seismic retrofit and design of new buildings. Altnough cladding ele-
ments are not specifically desired for seismic forces, they participate in resisting
lateral loads as they deform with the framing system. Some cladding systems sus-
tained damage during the Northridge earthouake, particularly those on steel frame
structures. The seismic performance of buildings could be improved by utilizing ef-

fectively the cladding system to dissipate energy and these systems can conceivably
be applied to both new construction and seismic retrofit.

Performance of Rehabilitated Masonry Buildings and Development of Perform-
ance-based Rehabilitation Guidelines

Despite the rehabilitation requirements in Los Angeles, many unreinforced ma-
sonry (URM) buildings were badly damaged during the Northridge earthquake. As
a life-safety measure, current rehabilitation practices appear to be successful. How-
ever, rehabilitation practices were not successful in preventing property damage,
often leading to significant economic losses due to building repair time and the asso-
ciated business disruption. This study will document the performance of rehabili-
tated URHs buildings, evaluate the enectiveness of current rehabilitation practices,
and develop guidelines for rehabilitation beyond life safety.

Performance of Steel-framed Structures

Steel-framed buildings have long been considered to be less vulnerable to sustain-
ing serious damage under

strong^^ ground shaking when compared with other types
of buildings. However, after the Northridge earthquake, engineers uncovered wide-
spread evidence of fractures in steel members and welded joints of steel-framed
buildings. The situation is so serious that the State of California issued an unprece-
dented advisory urging owners whose buildings suffered apparent cosmetic damage
to conduct thorough inspections to ensure that building damages were indeed only
cosmetic. The study will document damages and analyze the causes of the failure
in steel-framed buildings affected by this earthquake.

Performance of Power Transmission and Distribution Systems
The Northridge earthquake has demonstrated once again the vulnerability of

power system facilities to earthquake damage. Many substations experienced exten-
sive damage to high voltage equipment during the Northridge earthquake, similar
to what had happened to these facilities during the 1971 San Fernando earthquake.
This earthquake has again demonstrated the vulnerability of emergency power sys-
tems (that did not operate at power), communication facilities, emergency operating
centers, and numerous other critical facilities. Strong motion records from the earth-

![uake,
coupled with the documented damages provide a unique opportunity to per-

orm failure analyses and develop methods to mitigate the efiects of future earth-
quakes on power system facilities. The study will develop guidelines to improve the
earthqaiake response of power distribution system and to develop an eauipment fra-

gility data base using the damage information from the Northridge earthquake.

Performance of Fire Protection Systems
Some critical facilities, such as hospitals, were evacuated not because of structural

damage, but because of the rupture of sprinkler systems. This study is aimed at the
examination of the performance of sprinkler systems. It also will study fire causes,
and assess the performance of fire fighting operations.

POSr-NORTHRIDGE EARTHQUAKE RECONNAISSANCE INVECTIGATION AND PRELIMINARY
ASSESSMENT

Earthquakes provide a natural laboratory setting that allows us to evaluate the

Rerformance
of the built environment when subjected to strong ground shaking.

[1ST has been participating in post-earthquake reconnaissance activities since the
early 1970's. Immediately after the January 17, 1994, Northridge earthquake,
ICSSC, with NIST leadership, sent a reconnaissance team to the Los Angeles area
to conduct observations of components of the built environment, including bridges,

79-521 0-94-3
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buildings, and lifelines such as gas and water systems, as well as to assess the
causes of fires. NIST published its reconnaissance report entitled "1994 Northridge
Earthquake: Performance of Structures, Lifelines, and Fire Protection Systems" in

March 1994 and a copy is included with this statement.
The magnitude 6.8 earthquake, which occurred in the San Fernando Valley, re-

sulted in 58 deaths, and an estimated total loss of $30 billion. This earthquake
could be the costliest natural disaster in the U.S. history. Strong ground shaking
caused severe damage to over 11,000 homes, residential buildings, and commercial
structures; six major highway structures collapses; and damage to over 150 highway
overpasses. In addition, it resulted in the loss of power and water supply to tens
of thousands of residents for an extended period of time, as well as fires that de-

stroyed houses and mobile homes in several mobile home parks.
The ICSSC team had the opportunity to work with a number of other experts also

conducting reconnaissance eftorts after the earthquake and developed the following
preliminary assessment with regard to the earthquake's impact on the built envi-

ronment.
• Strong ground motions in the epicentral regions were at the maximum inten-

sity considered for design and at many locations exceeded design level. Most modem
buildings and life lines performed well. This is evidence of the success of modem
seismic standards.

• Although a large number of buildings sustained damage, the number of build-

ings which experienced total or partial collapse was very limited. Most of the col-

lapsed buildings were built before the building codes were significantly improved in

the mid-70's. Most buildings that did collapse either had a structural system known
to be vulnerable to earthquake damage, such as unreinforced masonry walls or non-
ductile concrete frames, or were sited in a situation known to be vulnerable, such
as on or below a steep hillside.

• The wide variety of buildings subjected to a wide range of seismic intensity
throughout the Los Angeles area provides an exceptional opportunity to improve
methods for assessment of seismic vulnerability.

• Many parking structures collapsed. These collapses are potentially life-threat-

ening. The time of occurrence of the earthquake (4:31 a.m.) avoided a large number
of deaths and injuries. The unique structural configurations of parking structures

suggest that code requirements need to be re-examined to ensure adequate seismic

performance. A complete load path is necessary to transmit the earthquake-induced
forces to the elements designed to resist them. Structural elements that are not con-
sidered a part of the lateral-force-resisting system can fail and initiate collapse if

they are not detailed to accommodate drift.

• In the epicentral region, many two- and three-story wood frame apartment
structures sustained extensive structural damage. "Soft" first stories, open for park-
ing space, are vulnerable to excessive distortion and

collapse.
Poor connections be-

tween the superstructure and the foundation caused some failures.
• Non-life-threatening damage, such as that caused by losses of ceilings, break-

age of sprinkler systems, and breakdowns of HVAC systems, was widespread and
in many cases extremely disruptive. Many hospitals and schools were made unus-
able.

• Rehabilitation of unreinforced masonry buildings using ties to connect walls to

floors and roof provided performance as expected. Although total collapses were
avoided, falling masonry posed serious life-threatening conditions.

• Many steel-framed buildings experienced brittle failure near welded joints. The
ioint behavior observed in laboratory tests with small specimens often is extrapo-
lated to predict the behavior of full-scale members. Large-scale tests are needed to

affirm or improve the current design requirements for joints in steel-framed build-

ings which are based on small-scale test results.
• A number of the highway overpass failures were due to collapse of supporting

columns. Many of these columns failed due to inadequate transverse reinforcement.
Most highway structures designed to criteria developed after the 1971 San Fer-
nando earthquake performed well. However, short fiared columns designed after the
San Fernando quake sustained severe damage. Further studies are needed to im-

firove

the seismic performance of such columns. Highway structures given full retro-

it, following studies of the 1989 Loma Prieta earthquaKe, also generally performed
well.

• Although none of the buildings were tested to their design limits, properly engi-
neered, base-isolated buildings performed well during the earthquake. An example
of such buildings is the 7-story USC hospital, which was subjected to a peak ground
acceleration of 0.37g and remained functional after the quake. No structural dam-
age was reported.
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• Fires in this earthquake resulted from the breakage of gas lines as the result

of strong shaking. Fortuitously, winds were calm and iires did not spread as they
would have with normal winds.

• Inadequately anchored mobile homes were displaced from their supports, gas
lines were severed and large fires resulted. Attention is needed to proper installa-

tion of mobile homes.
• The major fire on Balboa Boulevard was due to the rupture of a 22 inch cast

iron gas main of 1930's vintage. The breakage of the 48 inch water main of pre-
1971 construction severely limited the ability to fight the fire at the site. Recently

designed and constructed gas and water lines performed well.

NATIONAL AND INTERNATIONAL COLLABORATIONS

The NEHRP gains greatly from international and national collaborations in learn-

ing about earthquake effects, mitigation practices
and implementation mechanisms.

NEHRP depends strongly on professional and industry associations in the U.S. for

development of, education in, and implementation of earthquake hazard reduction

practices. NIST has been successful in encouraging collaborative activities, and par-

ticipating in and leading the work of collaborating organizations.
• NIST participates actively in over 100 national and international standards de-

velopment activities for construction and fire. NIST also provides volunteer leader-

ship to major standards organizations such as the International Standards Organi-
zation, the American Society for Testing and Materials, the American Concrete In-

stitute (ACI), the American Institute of Steel Construction (AISC), the American So-

ciety of Civil Engineers (ASCE), and the American Society of
Heating, Refrigeration

and Air-Conditioning Engineers (ASHRAE). Examples of NIST stafrs participation
relevant to the earthouake engineering program are:—Dr. Richard N. Wright, Director, Building and Fire Research Laboratory (BFRL)
is past chairman and member of the Executive Committee of the ASCE Structures

Division—Dr. H. S. Low, Chief, Structures Division/BFRL, serves on ACI Committee 318,
Standard Building Codes and AISC Specification Committee on Steel Construction
—Dr. Richard Marshall, Leader, Structures Evaluation Group, Structures Divi-

sion/BFRL, serves on ASCE 7, Wind Loads Task Committee and ASCE Executive
Committee of Structural Standards Division—Dr. Riley M. Chung, Leader, Earthquake Engineering Group, Structures Divi-

sion/BFRL, serves on ASCE Committee on Natural Disaster Reduction, ASCE Steer-

ing Committee for the 1996 International Conference on Natural Disaster Reduc-

tion, and Program Committee for the 1995 4th U.S. National Conference on Lifeline

Earthquake Engineering.
• U.S.-Japan Panel on Wind and Seismic Effects includes 16 U.S. Federal agen-

cies and 9 Japanese agencies. NIST provides the U.S-side chairman. UJNR has:
—held 25 annual technical meetings for prompt exchange of research findings.—conducted over 40 workshops and conferences, on topics such as repair and ret-

rofit of structures, involving leading U.S. and Japanese researchers and practition-
ers.—conducted cooperative post earthquake investigations.—hosted visiting Japanese researchers and provided access for U.S. researchers

to unique Japanese facilities.—organized cooperative research programs on steel, concrete, masonry and pre-
cast concrete structures.—cooperated in investigations of damaging earthquakes in Japan and U.S.

• International Council on Building Research, Studies and Documentation (CIB).

NIST has provided the President 1983-86 and serves on its Board and Program
Committee. CIB provides recommendations for international standards on structural

resistance to earthquakes and international cooperation on earthquake hazard re-

duction.
• International Union of Laboratories for Testing and Research on Materials and

Structures (RILEM). NIST provided the president 1982-85, and provides continuing

leadership in development of its technical programs.

TABLE 1—NIST Funding tor NEHRP
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TABLE 1—NIST Funding for NEHRP—Continued
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Senator Rockefeller. Thank you.
And I will just start off with a couple of questions. And, actually,

I think I will just jump in on a point that you made at the end,
Dr. Wright, about other countries. Obviously, other countries have

earthquakes, some experiencing earthquakes to a greater degree
than we do. Japan, is a good example.
What do you do to look at what Japan, for example, does in the

way of not just protecting their overpasses and the things that we
think of, but what you also mentioned, such as electricity, water,

gas, which also are part of the infrastructure, and just as dan-

gerous.
In any event, what is it you discuss with them and how long has

this been going on and how fruitful is it? And give me some exam-
ples of results.

Dr. Wright. Good. I can summarize it, and my colleagues here

participate with us on the panels, so they may have some points
to add. However, we have been working on the U.S.-Japan Panel
on Wind and Seismic Effects since 1969. Now, in comparison to the
U.S. National Earthquake Hazard Reduction Program, which is au-

thorized at about $100 million per year, the Japanese earthquake
hazard reduction program spends about $2 billion per year. So, we
are very fortunate in being able to work closely with the Japanese.
Senator Rockefeller. Of course, they are a much smaller coun-

try.
Dr. Wright. And gain from the very major investments that they

make. We can use the greatest
Senator Rockefeller. Well, tell me about that. Tell me, what do

they do that we do not do?
Dr. Wright. They have, for instance, the world's largest shaking

table that can shake, I believe, 10,000 tons at accelerations that

correspond to the accelerations you get in a real earthquake. The

largest shaking table we have here in the United States has a ca-

pacity of about 100 tons.

Senator Rockefeller. Which is equivalent to?

Dr. Wright. Which allows you to test a model or a very small

segment of an actual structure. The Japanese use their very large
shake table to put full-scale nuclear reactor vessels on the shake

table, and use this documentation of their performance to sell these

very high-value products in the Third World.
Senator Rockefeller. Have you or any of the other witnesses at

the table either made an effort to try and get us so that we have
a shake table of that size, or requested the Japanese to use theirs

for our purposes?
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Dr. Wright. We have collaborated with the Japanese in projects
that use their shake tables, and we have conducted studies here in
the United States of the potential for a large scale structural test-
ing facility in the United States.
Senator Rockefeller. That was so smooth, I did not hear it. In

other words?
Dr. Wright. We have studied for the potential of these facilities.

However, there has not been an effort to provide major funding for
them, to date.

Senator Rockefeller. Well, have we gone over there?
Dr. Wright. Yes, we have.
Senator Rockefeller. And what have we taken with to put on

those shake tables?
Dr. Wright. Good. Let me mention a couple of the major collabo-

rative activities, which includes this aspect. The most important
thing
Senator Rockefeller. Let me ask vou something. Are they in

advance of us generally? I mean, I would assume so.

Dr. Wright. They are very close to us in every area and ad-
vanced in some areas. We feel we are stronger in areas of modeling
the dynamic performance of structures, but the Japanese certainly
have better research testing facilities than we do. I will let my col-

leagues from the Geological Survey speak to the comparison of our
work on the earth sciences.
Senator Rockefeller. Or what it is. I do not necessarily have

to have a comparison. I would like to know what it is, how we
reach out to the international community and use what they have
learned for our purposes?

Dr. Eaton. Let me make some general remarks, Mr. Chairman,
and then ask Dr. Robert Wesson, who has joined me here at the
table, to comment if he wishes to.

The whole field of seismology has, from the very beginning, been
an international effort because earthquakes know no particular
continent, and understanding the Earth has required knowledge
that has come from earthquakes that have occurred all around the
globe. The Japanese, because of the currents of very devastating
earthquakes and loss of life in their frequency, got off to an early
start in the early part of this century in recording earthquakes in-

strumentally, and we copied, in the first and second decade, much
of what they did.

We have come a very long way ourselves now and, I think be-
cause of the very international nature of the occurrence of earth-
quakes and the study of earthquakes and the operation of a world-
wide instrument network, have stayed in touch, on the earth
science side, with what is going on elsewhere in the world for a
very long time.

Dr. Wesson, do you want to add anything to that?
Dr. Wesson. I might just add, Mr. Chairman, on the earth

science side that we, too, are in very close collaboration with our
Japanese colleagues, both through the U.S.-Japan Panel on Earth-
quake Prediction Technology and through some other mechanisms.
There is a somewhat different strategy in Japan toward reducing

earthquake hazards than in the United States. The Japanese have
placed somewhat higher emphasis on earthquake prediction than
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we have. We shared that enthusiasm in the late 1970's, but have
been increasingly awed by the difficulties in making short-term

earthquake predictions and have shifted our emphasis somewhat
more toward longer range activities. The Japanese have done that
to some extent but have continued a very strong emphasis on

earthquake prediction.
Senator Rockefeller. How do you four, in fact, coordinate and

set priorities? You all have different areas of this. U.S. Government
agencies are not famous for coordinating well, and I assume you
break the mold. I would like to know how you do it, what you do.

This is a mammoth subject, and I am glad to know about ABC. I

will be watching that. It is a mammoth subject. Americans are fa-

mous for never reacting until after the catastrophe, whether it is—
you know, not just earthquake policy but almost any kind of policy.

Now, how do you four coordinate?
Mr. Moore. I think a lot of it is communication between the staff

people who actually are in charge of implementing the programs
and overseeing the various research projects; that I think we have
enjoyed over the last several years a good relationship, both on a

personal level and a professional level and it is really through reg-
ular meetings and sharing of the resources.

Senator Rockefeller. But you are answering the process of co-

ordination. I am asking partly that, but I am also asking how do

you prioritize as a result of that process of coordination. You have
got a small amount of money. I mean, generally speaking, how do

you decide what your priorities are going to be?
Dr. Wright. Can I try and answer that, sir?

Senator Rockefeller. Why not?
Dr. Wright. When the Northridge earthquake occurred we recog-

nized it would be a very important opportunity there to investigate
both earth science and engineering effects. So, we pulled together
the career level leaders of the four agencies to identify the opportu-
nities to learn from the earthquake and to assist in the earthquake
response. We got an indication from the lead agency of the amount
of funding that could be made available in the supplemental appro-
priation, and we went through a series of about five or six meetings
bringing forth our ideas and then beating out our priorities so that
we could assure that the funds were used for the most important
topics.
Senator Rockefeller. And what are they?
Dr. Wright. They included the efforts at earth science research,

the efforts at earthquake engineering research, the efforts to im-

prove our instruments for measuring ground motions, and efforts

to improve our design criteria for the various types of structures.

Mr. Moore. The other is through the Building Seismic Safety
Council we worked with the user community, too, quite extensively
with the engineers and the architects and the people that are at

the building end of the activity in the community to find out what
their needs are and how they can best utilize the research that a
number of the agencies support.
Senator Rockefeller. Use, Mr. Moore, not utilize. That is the

only area where I grow testy. Otherwise, I am a very gentle fellow.

Dr. Wright, could you repeat those priorities once again for me?
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Dr. Wright. The priorities include earth sciences, to understand
earthquake mechanisms from the records developed in the earth-
quake, to understand such things as the effects of overburdened
soil and topography on the intensity of motions that we must de-

sign our structures for, to understand how the structures behaved
in the earthquake so that we can better predict performance in fu-
ture earthquakes and make sure that new structures are strong
enough and existing structures are assessed and strengthened to be
strong enough, and we are working on developing design criteria
for both new structures and existing structures to improve their
earthquake resistance.
Senator Rockefeller. Now, Senator Bums comes from Montana

and I come from West Virginia, and somebody—Senator Kerry if he
were here, comes from Massachusetts. What are you doing, and
there are 38 States that are within the so-called area, and cer-

tainly
—I do not know, is Massachusetts in that area?

Dr. Wright. Massachusetts is in a seismic hazard area.
Senator Rockefeller. How do you get out to these other States?

How do you do it, how long have you been doing it, what are the
results that Senator Bums and I can expect to see from that
should there be an earthquake, and since you are within a budget
restriction I assume that your answers are not going to be spec-
tacular, and so I want you just to be honest with me.

Dr. Wright. Let me answer it on the subject of building stand-
ards for seismically safe buildings. With the National Science
Foundation and with the Federal Emergency Management Agency,
we worked beginning in the 1970's to compile our current knowl-
edge and put it in the form of building code provisions, provisions
that could be adopted and enforced in all parts of the country. In
other words, provisions that would be appropriate for the hazard
in West Virginia and the hazard in Montana, the hazard in Massa-
chusetts, not just the hazard in California.
We worked with the Building Seismic Safety Council, which Mr.

Moore
Senator Rockefeller. I did not understand that. He said some-

thing that would be appropriate to Montana, West Virginia, not
just to Califomia. I do not understand what that means.

Dr. Wright. Well, what we do is we assess with the aid of the
Geological Survey the intensity of earthquake motions that we can
expect in various parts of the country. And the earthquake you de-

sign for is not the same in Califomia as it is in Massachusetts or
West Virginia. The hazards are lower in West Virginia and in Mas-
sachusetts than they are in California. So, a building does not have
to be as strong to be earthquake-safe.
Then we develop provisions suitable for building codes and

standards which allow you to predict the strength of your building,
whether it be masonry or timber or steel or concrete.
Senator Rockefeller. Are there buildings in Montana using

timber or concrete, steel or masonry, or in West Virginia or in Mas-
sachusetts, that have been built as a result of what you four to-

gether have done?
Dr. Wright. Yes. Let me mention that. We develop these provi-

sions to be nationally applicable. We then work with the model
building code organizations. There are three major ones in the
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United States: The International Conference of Building Officials

serves the Western United States, the Building Officials Con-
ference of America serves the Northeastern United States, and the
Southern Building Code Congress serves the Southeastern United
States.

We worked with these organizations to put the provisions in

their model building codes, so they now are available for adoption
by the States, the cities, and counties that provide the legal build-

ing codes. These provisions have been available now since 1992. It

took a substantial amount of time.

You spoke of time. We began this effort in 1973, and in 1992 we
have the up-to-date seismic provisions in the model codes that are
used throughout the United States so that they are ready for adop-
tion and enforcement by State and local governments. This is pro-

ceeding, though I would suspect if we checked the individual cities

in Montana or in Missouri or in Massachusetts that not everyone
has yet adopted and enforced those. But they are in the model
codes that are in use in all 50 States.

Senator Burns. I would like to ask just a small question here,

begging the Senator's pardon.
Mr. Moore, I am probably the only one that serves in this Senate

that worked with county-level FEMA people. As a commissioner,
we worked very closely

with our emergency people. In fact, the first

time I ever had anything to do with you I sold I think 17 truck-
loads of crackers they had stored somewhere that went bad. I do
not know. Auctioneers get to sell everything.
But let me tell you—or ask you that in Yellowstone County, MT,

which is Billings, and that is the largest area in Montana with the

highest density of population, we have adopted—our FEMA works
with our contractors there and have got a computer data base that

they use. Can you tell us about them? Are they fairly successful

whenever they start going out and talking?
Now, I know NIST does some work, and Dr. Eaton at National

Geological Survey, how successful that has been because we send
our FEMA people back here to be reindoctrinated every now and
again.
Mr. Moore. It has had some success. We are doing a 3-year

study right now with the National Institute of Building Sciences to

improve upon that model to make it at least more predictable and
more effective. But I think it has shown some promise, and that
is why we are going forward with improving upon it and making
sure that it matches with our geologic information system and
other data that is now available.

Senator Burns. Dr. Eaton, tell me, how do you pick out the areas
where you have high potential of earthquakes?

Dr. Eaton. The first cut at that is based on historical observa-
tions. We have been monitoring earthquakes for a very long time,
and so the frequency of occurrence of events of various sizes is pret-

ty well known across the whole of the United States.

Now, the sleeper in that is that, as I mentioned in my testimony,
probably the greatest earthquake that has taken place since the

European habitation of the United States was in the Lower Mis-

sissippi Valley which in the early part of the last century had a

very, very low population. So, the concern is a combination of
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where these earthquakes occur, how large they might be, or how
frequent they might be, as in the case of southern Cahfornia, and
then whether or not these are areas that are occupied by large
numbers of people and there is a substantial investment in infra-

structure.

But our task among these four is to identify the areas where the
seismic hazard is greatest and try to classify those in terms of na-

tional concern.
Senator Burns. The earthquake you were talking about in the

Lower Mississippi, was that New Madrid, MO?
Dr. Eaton. Yes, it was.
Dr. Wesson. I might just add, Senator Bums, that we only have

a few hundred years of actual history of earthquakes in the United

States, since the European settlement of North America. But using
geologic techniques, what we call paleoseismology, we are able to

extend that record back on the order of 2,000 to 3,000 years in

some parts of the country. And so in this way we can begin to build

a longer record of the earthquakes that have occurred and predict
or estimate more reliably what the hazard is across the country.
Senator Burns. Mr. Moore, I understand in September of this

year NEHRP is planning a large-scale earthquake exercise to test

Montana's emergency management systems. Would you explain
what that exercise will involve and what is expected that it will ac-

complish?
Mr. Moore. Well, I would have to get back to you with some of

the details on it. Senator, but basically what we would do in that
sort of an exercise is to determine how the local and State agencies
and the Federal Government would be prepared to respond if there
were an earthquake event to make sure that we are talking to each
other properly and effectively. We have to look at whether we have
in place the kinds of code regulations that would strengthen the

community to make sure that we are in a position to respond if

there is significant damage, and to be prepared to work with the

community, and with the States on a rebuilding or recovery effort

to involve some mitigation and make the community stronger after

the fact, and we will be looking at opportunities to provide that.

Senator Burns. I do not have any more questions, Mr. Chair-
man.

Senator Rockefeller. Well, let me ask one based upon some-

thing Dr. Eaton was saying, I think it was, with your permission,
sir. We passed, several years ago—I forget what was the mountain

range in Nevada where they are storing all of the nuclear waste.
Dr. Eaton. Yucca Mountain.
Senator Rockefeller. Now, that was very controversial, and I

supported Harry Reid's filibuster—which eventually lost—^because

I had read that Yucca Mountain was a prime suspect for an earth-

quake. And I forget actually what happened and there has not been
an earthquake there, but I assume that all four of you were called

upon for your advice, were you not, by policymakers from the
White House on this matter?

Dr. Eaton. Let me ask—because I am just 8 weeks with the Geo-

logical Survey—let me ask Dr. Wesson to answer that question. It

would have been before my time.
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Dr. Wesson. Mr. Chairman, Geological Survey has participated

with the Department of Energy in investigating the suitability of

the Yucca Mountain site for the storage of high-level nuclear waste.

There was, in fact, an earthquake called the Little Skull Mountain

earthquake, which as I recall was about a magnitude 5 earthquake,
about 20 or 30 miles south of Yucca Mountain a year and a half

ago. So, there is some seismic hazard. There is some risk of earth-

quakes at Yucca Mountain.
Senator Rockefeller. I am not asking for a description. I am

asking for whether or not you were approached for policy advice,

or if you were not whether you offered policy advice before this de-

cision was made.
Dr. Wesson. Mr. Chairman, we continue to offer technical ad-

vice.

Senator ROCKEFELLER. To whom?
Dr. Wesson. To the Department of Energy, and we will to the

Nuclear Regulatory Commission as the license processing proceeds.

Senator Rockefeller. And in this case, what kind of advice did

you offer them?
Dr. Wesson. We do our best to accurately describe the seismic

hazard at the site, how strongly the ground will shake there,

whether it would be subject to surface fault rupture and other

kinds of earthquake hazards.

Senator Rockefeller. But that is evasive. Did they listen to

you? I mean, did anybody pursue?
Dr. Wesson. Yes, they continue to listen to us, Mr. Chairman.

I think it is important to understand that there are—and I am not

personally an expert on the engineered facilities to be built at

Yucca Mountain, but the waste itself, as I understand it would be

contained underground in conditions that are relatively insensitive

to the strong shaking from earthquakes. But there would be facili-

ties on the surface of the ground that would be more susceptible

to shaking.
Senator Rockefeller. Let me come at this a different way, then.

You do not have very much money. Any of you, what is the total

of what all of you spend? I do not need to know that. It is not a

lot of money, we would all agree on that.

Dr. Wright. It is about $100 million.

Senator Rockefeller. You have got 38 States out there who are

at risk. You do your best to get into their building codes. The ad-

vice which you offer them I assume to a certain extent they are

putting your offerings into their building codes. Now, the three of

you are shaking your heads, but they are all voluntary. If they go

into the building codes that means they have to build according to

those building codes, do the not? Then that is good news. So, out

of the 38 States, do you have a sense of how many have accepted

your advice on building codes?

Dr. Wright. We did a survey of the States, or rather the Na-

tional Conference of States on Building Codes and Standards sur-

veyed its members to see where seismic provisions were adopted.

This was done about 1990. It has not yet been updated to see how
the recent provisions have been adopted, but I would be very happy
to provide for your staff a copy of the report.
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Senator Rockefeller. I would be very happy to know that. That
is a full 4V2 years ago.

Dr. Wright. It is becoming time to update the study.
Senator Rockefeller. Do you know of anecdotal information?

Have you heard about States that are using the seismic advice?
Dr. Wright. For instance, the Memphis, TN, and Shelby County

carried out a very strong debate just a few years ago about adopt-
ing seismic provisions and after some substantial opposition they
did adopt and are now enforcing seismic provisions.
Senator Rockefeller. Which means at what kind of buildings,

office buildings, or all buildings?
Dr. Wright. All types of buildings.
New York City is very seriously considering adopting seismic

provisions in its code, but it has not yet done so. And New York
State is considering the same provisions that New York City is.

Senator Rockefeller. Do you know anything about my State?
Dr. Wright. No, I do not, sir.

Senator Rockefeller. West Virginia.
Dr. Wright. I do not, sir.

Senator ROCKEFELLER. Could somebody supply information on
me for that?

Dr. Wright. Yes, we can.

Senator Rockefeller. Who would best be able to do that?
Mr. Moore. We could. We could, and we will work with the other

agencies.
[The information referred to follows:]

Seismic provisions are adopted and enforced in West Virginia through the manda-
tory, statewide building code for West Virginia. Today, that code is based on the
1993 National Building Code, published by the Building Ofiicials and Code Adminis-
trators International. It contains up-to-date seismic provisions, and its use has been
endorsed by the Interagency Committee on Seismic Safety in Construction for en-
forcement of Executive Order 12699, "Seismic Safety of Federal and Federally As-
sisted or Regulated New Building Construction."
The West Virginian State building code is enforced by local jurisdictions. The en-

closed report, "Seismic Provisions of State and Local Building Codes and Their En-
forcement," prepared for National Institute of Standards and Technology (NIST) by
the National Conference of States on Building Codes and Standards, presents an
overview of seismic code adoption and enforcement nationwide. This study, con-

ducted in 1991, presents information on five West Virginia jurisdictions: Charleston,
Parkersburg, Huntington, Beckley, and Bluefield. Only four West Virginia counties

(McDowell, Mercer, Monroe, and Summers) are in a region of moderate seismicity;
elsewhere the seismic hazard is considered low.

The U.S.-Japan Panel on Wind and Seismic EfTects has provided an important
mechanism for Japanese research and experience in earthquake hazard reduction.

The enclosed paper, "Cooperation on Research and Technical Development in Wind
and Earthquake Engineering Between U.S.A. and Japan in the Last 25 Years," is

taken from the 1993 proceedings of the 25th Joint Meeting of the U.S. -Japan Panel
on Wind and Seismic Effects. Since this publication, the panel has continued active

work holding seven more task committee workshops and its 26th joint meeting.
The paper describes many accomplishments. To highlight a few:
• Cooperative postearthquake investigations have allowed the United States to

learn about earthquake mechanisms, side effects on ground shaking, soil stability,
strucutural performance, and tsunami characteristics from Japanese experiences.
U.S. seismic hazard maps and earthquake design criteria are cased substantively
on learning from Japanese earthquakes. U.S. models for predicting storm surge and
tsunami eitects have been improved and validated from measurements of Japanese
storms and tsunamis.

• Cooperative testing, shared between U.S. and Japanese sites in laboratories,
has led to: improved U.S. standards for assessing liquefaction potential of a site, and

improved U.S. design standards for concrete, steel, and masonry building.
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In response to the mandate from Congress and Public Law 101-614, ICSSC has
been working on the preparation and implementation of standards for the seismic

safety of existing federally owned or leased buildings. The enclosed report, "Stand-
ards of Seismic Safety for Existing Federally Owned or Leased Buildings and Com-
mentary," presents the recently issued standards. The enclosed report, "Seismic

Safety of Federal Buildings—Initial Program: How Much Will It Cost? presents the

proposed Executive order for preliminary implementation of the standards and esti-

mates the cost of such implementation.
[The repwrts referred to may be found in the committee files.]

Senator Rockefeller. In California, it is clear that every time

they have an earthquake out there, there are more and more fault

lines going in all directions, and we discover new ones. Is that

atypical, as far as you know, of earthquake fault lines in this coun-

try?
Dr. Eaton. I think it would be difficult to answer that question

with any great assurance just based on the experience that we
have been having.

In the case of the Northridge event, the hypocenter was on a

fault that was not exposed to the surface. Now, the surface has
been very heavily developed as a result of settlement in the area,
and perhaps there were surface traces of these prior to the area

being settled.

We do know that the whole of the southern California area, in

the area of what is called the Big Bend in the San Andreas Fault,
is one that is a great deal more complex in terms of the occurrence
of faults of this kind.

There was a Whittier Narrows earthquake in the last decade
that surprised us in the same way. We did not know of its exist-

ence. We came to know it only because of the earthquake. Now,
that fault was very much of the same nature and origin as the one
under Northridge.

So, yes, we are still learning things, a great deal of things, both

in the earth science community and I think in the infrastructure

community about each of these earthquakes as it occurs.

Senator ROCKEFELLER. Well, that again, as they occur. I mean,
ideally one does not want to wait until an earthquake occurs, and
so we come back again to small amounts of funding for agencies,
communication between the four of you, trying to get as much as

you can, learn as much as you can with the scarce resources that

you have.
Let me ask this question in a different way. Let me just ask you

four gentlemen. You or your counterparts, how many times a year
do you get together?

Dr. Eaton. Mr. Chairman, if I might, I cannot give you an an-

swer to that specific question, but these other four gentlemen can.

But I would like to share an impression I think that gets at this

question and at your earlier question.
This is the first time I have met with any of these people other

than Dr. Wesson. What impressed me is we all gathered in this

room prior to the beginning of the hearing and prior to your enter-

ing, Mr. Chairman, was how well each of these people knew one

another. In fact, I remarked on it three or four times.

They do get together, and they and their representatives get to-

gether often. And I think one of the reasons this program works
as well as it does is that each of us has a very clear and a very
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different responsibility, and yet our response collectively as rep-
resentatives of the Federal Gfovernment depends on bringing each
of these bits of knowledge and skills and responsibilities together
in the program.

So, as someone who was recently an outsider, I want to share
with you the fact that I regard this as a model program in terms
of interbureau cooperation here. And my sense is that they and
other representatives of each of their bureaus meet often enough
really to have their arms around this program very well.

Senator Rockefeller. Well, then let me ask each of you to give
a simple description, a couple of sentences, of what your specific

agency's responsibilities are with respect to this problem.
Mr. Moore. Basically with regard to FEMA, the Federal Emer-

gency Management Agency, part of it is working with the States.
We provide a grant mechanism to the States and public informa-

tion, education programs for the States to help them convince their
folks that they should adopt and support and implement the build-

ing code regulations.
We work with the other agencies to glean from the research that

they are providing and work with our user community, with the en-

gineers and architects, to develop studies that will help us to make
that information applicable to the people who build the buildings
to make sure that they are complying with those codes. So, it is

primarily a combination of transfer of the technology and coordina-
tion with the States.

If I may take this opportunity, with regard to West Virginia that

you indicated an interest in earlier in the hearing, one of the con-
cerns that we have with the State support and participation is that
those States as they get to the fourth year, under the current act,
are required to participate on a dollar-for-dollar match with the
Federal Government.

It is becoming a difficult problem for some States, to be able to

continue with the program. And it is contrary to what we are doing
in other parts of FEMA with, for instance, the amendments that

Congress enacted late last year with Stafford Act amendments that
fund much of the disaster programs.
We have moved to a 75-25 match, and that has increased the

participation by State and local governments. So, it is an area that
I think needs to be looked at.

Senator Rockefeller. Dr. Wright, your agency's participation.
Dr. Wright. Yes. I would estimate for myself personally it is

about 50 days per year that I am in face-to-face contact with people
from one of the three other NEHRP Agencies. And if you consider

my staff, it is probably a rare day in the year that there is not at

least a telephone contact.

Senator Rockefeller. And how would you describe your specific

part of the responsibility?
Dr. Wright. Our part is to provide problem-focused research and

to make recommendations for the improvement of standards and
practices for buildings and for lifelines.

Senator Rockefeller. Not for water, gas, sewer. It is buildings.
Dr. Wright. Those are lifelines. Lifelines are your transpor-

tation, communication, electrical power, water supply, sewage fa-

cilities.
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Senator Rockefeller. OK. Dr. Bordogna.
Dr. Bordogna. Our major task is to make sure the intellectual

infrastructure of the country is very strong to address the cutting-

edge issues here. We use most of our money to fiind investigation
of areas, determined among us, that need national attention.

We thus have a cadre of people across the country to make con-

nections across all the States. The academic researchers and the

earthquake engineers in practice and who are at the universities

talk to each other frequently. They have conferences which we sup-

port.
This is one aspect of what we do—we keep the cutting edge rich,

and we provide resources to people to keep moving the knowledge
edge out based on the needs identified by this group primarily.
We also have two centers which have more formal responsibility

to collect this information, integrate it, and promulgate it across

the country, not just to individual investigators but in a holistic

way.
We educate the researchers and practitioners. And we do both

looking at why these things happen as well as how to mitigate
against them.
There are also ancillary things going on that are not directly sup-

ported out of the $100 million. For example, NSF supports a large

program in sensor technologies. You cannot really get at a smart

way to investigate what is going on unless you can sense what is

going on. So, there is a lot of work going on in electrical engineer-

ing and materials in developing sensors for these applications.
Senator Rockefeller. Are you leaning on other countries' re-

search for that, too?

Dr. Bordogna. Sure.

Senator Rockefeller. Whose?
Dr. Bordogna. In fact the academic enterprise stretches across

the whole globe, so when conferences are held and visitors come to

NSF they come from all countries. Certainly, research connections
with Japan and Europe are frequent.
Senator Rockefeller. What are other countries particularly

good at? Do certain countries do certain things particularly well?

Dr. Bordogna. I think Dick mentioned that they probably do
better than we in the sense of investing more, particularly in the
area of instrumentation, the large-scale instrumentation to do test-

ing based on models that researchers develop. When we go to each

earthquake and bring the data back, we improve the models about

why things happen and why buildings fall down or roadways are
disabled. And so we keep refining the model.

Incidentally, with regard to shake tables it is important not to

jump at that kind of instrument because Japan does it one way
and we should follow. We probably have more capability in taking
shake tables and making them smarter, getting better data out of

them and using simulation, for example.
So, NSF's part in all this—I want to emphasize again that I

think the NEHRP group, whatever it has done, good or bad, in the

past, it is essential to keep the agencies together on this. There
must be a holistic view so we all can connect. And anything that
can be done to enforce that connection, to enrich it, to nurture it.
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coming from the Senate would be very, very helpful. We do not
want this to split apart.

In summary, NSPs part in this activity is really usually on the

cutting edge to face the needs on the research end, but based on
needs defined by the group.
Senator Rockefeller. And these requests for research grants

come from whom?
Dr. BoRDOGNA. Well, we send out announcements and the pro-

posals come into NSF, and we conduct ave merit review. In fact we
have, I think, 400 proposals now in for the most recent announce-
ment.
Senator Rockefeller. Where do they tend to come from?
Dr. Bordogna. From all over the country.
Senator Rockefeller. I understand that. Universities or

other
Dr. Bordogna. Universities. Well, not-for-profit entities, but

mostly universities. We also have people with earthquake interests
on a national advisory committee in engineering, so there are con-
nections there.

Most of our requests or proposals come in from universities.
Senator Rockefeller. Any area that you gentlemen would like

to see more activity in, more aggressiveness on our part? I mean,
at least a couple of those overpasses that fell down were already
upgraded, were they not, in the Northridge area?

Dr. Wright. Of tne overpasses that failed, none of them were de-

signed in accord with the current specifications.
Senator Rockefeller. Well then, if they had been, how would

you know whether or not they would have failed unless you had
a really smart shake table?

Dr. Wright. There were a number of overpasses that had been
designed according to modem specifications that performed well.

There were a number that have been retrofitted according to mod-
ern knowledge gained since the Loma Prieta earthquake in 1989
that performed well. So, we got confirmation that was even better
than a shake table, and that was a real earthquake.

Senator Rockefeller. You know, my daughter graduated from
Stanford University last year, and 4 years before that when she

making the decision to go out there I spent an hour on the phone
with, as it turns out to be. Vice President Gore's seismologist, or

a person that he advised me was a really good seismologist, be-
cause I was what you call a concerned parent. And it was worth
an hour of my time to find out whether or not—what their situa-

tion was.
And he basically said that there are always dangers anywhere in

California, but that the north is far better prepared than the south-
ern part of California, that they have done their infrastructure

changes more. As it turned out, northern California did of course
have that earthquake and there was about 200 million dollars'

worth of damage on the Stanford campus but no lives were lost.

Now, what does FEMA do about that, not Stanford but the idea
that within one State, all of which is well known for earthquakes,
there can be an enormous variance, if the seismologist is correct,
between the northern and southern part?
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He ascribed it partly to cultural reasons, that southern Califor-

nians believe that, you know, life is eternal, nothing will ever hap-

pen, they are more optimistic. But what do you do about a situa-

tion like that?
Mr. Moore. Well, we work with the States to try to convince

them that the information that we provide them is something wor-

thy of adoption in their codes and in their process. We cannot man-

date that they do so under the Federal system, but we try to pro-

vide that information to their people to educate the population on

what needs to be done and what their public officials could be

doing to make their community safer, and what the public officials

ought to do.

Senator Rockefeller. So, you disseminate.

Mr. Moore. Yes.
,

„ ,

Senator Rockefeller. Of the 38 States, in the judgment of the

four of you independently, about how many of the 38 are taking

your building and lifeHne codes seriously?
Dr. Wright. To comment on that, of course California is the

leader in taking these seriously.

Senator ROCKEFELLER. I do not need to know the names.

Dr. Wright. But one thing I want to note is that there are no

national standards for lifelines. That is a deficiency in the program.
You mentioned earlier what things do we need to address, and

one of the things we need to address is to provide nationally appli-

cable standards for earthquake resistent lifelines.

Another thing we need to address are the problems of property

loss and functionality in building because our current building code

is intended to avoid collapse in a major earthquake, and we con-

sider it a success if the building and its contents are a total loss

as long as it did not collapse, because that was our objective. So,

we need to develop criteria that are appropriate for use when re-

ducing property damage and maintaining functionality are worthy

of investment by the owner.

Senator Rockefeller. That is interesting. So, in other words the

building could stay but everything within it could be rattled all

over, and it would a success. uv i j
Dr. Wright. It is a success by the criteria that were established

in the development of the code, because the purpose of the code

was not to spend too much money, but to avoid large losses of life.

Mr. Moore. One other thing we are doing with regard to mitiga-

tion is an area that is not really that expensive in the overall

scheme of things, and that is that the contents of the building can

be secured for a relatively nominal means. If they have a hot water

heater or appliances they can be bolted down, bookshelves can be

lined just as if you were on a boat so that you can counter that

rocking effect and the disaster that occurs as a result.

And we are working in California with the schools, looking at the

building structures. Most of the problems with the schools are with

the ceiling tiles and the metal bars that fell down that could have

caused problems. And so looking at some of the contents of the

buildings is the next stage of transferring that information.

Senator Rockefeller. So, let me get an answer on my 38. Is it

more than one-half or less than one-half?

Dr. Wright. Less than one-half are taking it really seriously.
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Senatx)r ROCKEFELLER. Are those areas like Memphis and Mis-
souri—those that take it more seriously, do they correspond to the
more serious areas?

Dr. Wright. FEMA has had a great deal of success in the New
Madrid area in establishing the central U.S. earthquake consor-

tium which now represents I believe 10 States. And the emergency
managers and the members of the consortium are taking it quite

seriously, but to make this actually be adoption and enforcement
of buildmg standards by the individual municipalities, I think a lot

of work is needed before it is normal that the buildings are de-

signed and constructed for earthquakes.
Mr. Moore. There are a number of States that do not yet have

statewide building codes, not to mention seismic standards, but any
standards. And some of it is left to the county or local level, or does
not exist at all.

Senator Rockefeller. Of the county or local level it will not

work, right? In other words, the State has to push it.

Mr. Moore. Well, a county could adopt standards that are con-

sidered to be successful in other areas without the State doing it,

but it is better if it is done on a uniform basis. It provides better

guidance to the architects and the contractors.

But I think of the States that you are talking about, the 38

States, they did not all enter the program at the same time. Prob-

ably about one-half of those States are in the first few years of par-

ticipating and so they just really are beginning their programs.
The way the law has been drafted ever since the last reauthor-

ization was that the first year of the program we provide through
FEMA their full grant, and then we ease them out of that. But one
of the concerns we have got is now that we have got about half of

those States having had about 4 years in the program and some
of them facing some budgetary problems, as we all seem to be fac-

ing these days, there is some concern whether they are going to be
able to continue participating in the program and sharing that in-

formation, rather then sit back and wait for a disaster and then be
bailed out completely by the Federal Government.

Senator Rockefeller. Speaking of budgetary constraints, within

your own agencies, four agencies, you are all facing FTE cuts;

right?
To the extent that you know, will these affect your work dis-

proportionately more than other parts? And I do not even know
how to ask the question, but you know what I am asking.

Dr. Eaton. In the case of the Greological Survey, I think the im-

pact is essentially transparent. The FTE ceiling is not having a sig-

nificant impact in this particular programmatic area.

Dr. BORDOGNA. It has not affected NSF in this area.

Dr. Wright. NIST is fortunate in not receiving FTE cuts.

Senator Rockefeller. Oh, yes you are.

Mr. Moore. FEMA has not received cuts in the fiscal year 1995

request. In fact, the administration has recommended some modest
increase in FTE, and part of that is in the earthquake program in

response to some of the demand that we faced over the last year
or two.

Senator Rockefeller. I am just interested, and then I am going
to close this hearing, but do any of you know that every U.S. Sen-
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ator is cutting his or her Senate budget in their own office by 25

percent? Did any of you know that?

Dr. Wright. I did not.

Dr. BORDOGNA. No.

Senator ROCKEFELLER. On that note I thank you very, very

much, and I really do. This is new to me and I have got to learn

more through some questions that I have that I did not ask. You

will get them.
. , , • ^

It was very, very useful to me, and I really enjoyed the mter-

change with all of you. I think it was a productive hearing.

Thank you very much.

[Whereupon, at 3:55 p.m., the hearing was adjourned.l



APPENDIX

Prepared Statement of Senator Pressler

Let me begin by thanking the chairman for calling this very important hearing
on the reauthorization of the National Earthquake Hazards Reduction Program—
NEHRP.
The NEHRP can offer some very necessary services not only to areas prone to

earthquakes, but to the entire Nation. Although my home State of South Dakota
experiences few earthquakes, the people of South Dakota—as well as the entire Na-
tion—are too often held responsible for the great expense caused by these disasters.

In the last 5 years alone. Federal relief efforts for the Loma Prieta and Northridge
earthquakes have cost taxpayers billions of dollars.

For this reason, the NEHRP must continue to work for more accurate
predictions

of fault line activity, stricter building codes, proper land management, ana improved
building construction.

Before approving reauthorization legislation, we should first determine the effec-

tiveness of this interagency program. I hope that today's witnesses will inform us
as to how the NEHRP has been able to assist planning and preparedness for areas
hit by earthquakes, as well as provide us with their views and plans to further ad-
vance their goals.
Thank you, again, Mr. Chairman, for calling this hearing. I welcome the witnesses

and look forward to hearing their testimony.

Questions Asked by Senator Rockefeller and Answers Thereto by Mr.
Moore

Question. Four Federal agencies participate actively in the earthquake program.
How are annual budgets determined and performance milestones coordinated among
the four agencies?
Answer. Annual budgets are prepared from several foundations. First, through a

variety of mechanisms, such as workshops and conferences, the earthquake user

community communicates its needs. With them in mind, FEMA's budget requests
are developed in line with the Agencies' program responsibilities under the Earth-

quake Hazards Reduction Act. In order to address the chance that some each of the

Agencies' planned activities in a fiscal year may duplicate or be more complemen-
tarily formulated, the National Earthquake Hazards Reduction Program (NEHRP)
agencies discuss and collaborate on their respective budget submissions using the

Interagency Coordinating Committee (ICC). Performance milestones are then based
on the execution of these budget requests and, again, are coordinated among the
NEHRP Agencies through the ICC.

Question. What are the priorities for the current earthquake program?
Answer. Priorities for the current earthquake program are determined by each

agency based on their individual authorities and responsibilities as set forth under
the Earthquake Hazard Reduction Act. Several processes have aided in coordination
of the Agencies' independent formulation, such as the development of the NEHRP
Five Year Plan, and a strategic planning process undertaken in 1993. This system
of coordinating priorities has resulted, for example, in the establishment of the pro-

gram's structure, and the planning of programmatic activities for each of the Agen-
cies under this structure. A copy of the most recent five year plan is enclosecffor

your information and reference.

Question. The Northridge earthquake has proven that technologies developed
under the earthquake program are successful in mitigating damage. Please describe

the process of identifying and pursuing priority technologies among the four agen-
cies for the earthquake program.
Answer. In concert with the other principal NEHRP agencies, FEMA continues

to work with all constituencies within the earthquake community. This collaboration

(51)
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both formal and informal, and provides the Agencies with the user communities'
identified priority needs. Their problems are our challenges. The Agencies' develop

programmatic or research oriented solutions to these priority needs in their budg-
etary planning cycles. Through investigations, studies, research or program develop-
ment and delivery actions that focus on the user communities problems, NEHRP
pursues the most promising and priority technologies and techniques for earthquake
risk reduction.

Question. The President's fiscal year (FY) 1995 budget of $103.2 million for the

earthqu^e program requests a $3.6 million increase over this year's spending lev-

els. H.R. 3485, passed last year, authorizes the program at $102.7 million for FY
1995 or $3.1 million increase. For a difference of $500,000 between the President's

request and the House-passed bill, what agencies and activities will be affected?

Answer. The President's reauest for Fiscal Year (FY) 1995 includes $25,001,000
for the Federal Emergency Management Agency's activities under NEHRP. H.R.
3485 authorizes $20,805,000 for the Agency. The difference reflects the enhance-
ment to FEMA's earthquake risk reduction activities that the President is pursuing
for FY 1995. These enhancements are for increased funding support for ongoing
State and local earthquake risk reduction activities; the conduct oi studies that will

improve the NEHRP Recommended Provisions for New Buildings; and support for

the development of pilot and demonstration projects centered on the development
and provision of mitigation incentives to state and local governments.

Question. H.R. 3485 contains several "Buy America" requirements which were not

provided in previous earthquake program reauthorizations. Will any of these provi-
sions change the way the Federal agencies undertake their work on the earthquake
program?
Answer. The "Buy America" requirements will have no affect on FEMA's imple-

mentation of its NEHRP responsibilities.

Question. Electrical, gas, and water lines and communications are critical to bat-

tle secondary effects of earthquakes such as fire. What technologies have been devel-

oped under the earthquake program to protect these community "lifelines" from

earthquake damage?
Answer. The if.S. Geological Survey, National Science Foundation and National

Institute of Standards and Technology have each performed research, within their

program specific responsibilities, that address the seismic vulnerability of our Na-
tions system of lifelines. Additionally, the Federal Emergency Management Agency,
in consultation with NIST, is completing a "Plan for Developing and Adopting Seis-

mic Design Guidelines and Standards for Lifelines." Implementation of the Plan will

further protect community lifelines systems (i.e., electric power, gas and liquid fuel,

telecommunication, transportation, and water and sewer) from earthquake damage.
Question. FEMA is the lead agency for the earthquake program and is respon-

sible for disseminating information on earthquake preparedness. Please describe

how FEMA provides information on hazard mitigation technologies developed under
the earthquake program to the 38 states which have a significant seismic risk.

Answer. Hazard mitigation technology transfer is conducted directly by FEMA:
• A variety of hazard mitigation technology courses are available through

FEMA'S Emergency Management Institute (EMI). For example, EMI offers Earth-

quake Hazard Mitigation for Utility Lifeline Systems, and Earthquake and Fire

Hazards in High-Rise Buildings as both resident and field delivered courses;
• FEMA supports the Building Seismic Safety Commission (BSSC) to conduct

outreach and seminars, provide speakers and disseminate FEMA/BSSC publications
to encourage application and enforcement of seismic safety provisions in new con-

struction; and
• FEMA also provides a speakers bureau and disseminates FEMA products on

seismic rehabilitation of existing buildings to encourage application of seismic reha-

bilitation measures.
FEMA also collaborates with other organizations in the transfer of earthquake

risk deduction knowledge and technology. In particular, FEMA supports a number
of other organizations, such as the National Center for Earthquake Engineering Re-

search, Southern California Earthquake Center, Earthquake Engineering Research

Institute, Central United States Earthquake Consortium and the Natural Hazards
Research Applications Center to provide publications, information, training and edu-

cation on hazard mitigation technologies.

Question. $15 million was appropriated to FEMA for the earthquake program
under the emergency supplemental act earlier this year. Please describe what addi-

tional activities are being done and how this money has been distributed among the

other Federal agencies.
Answer. FEMA, in close coordination with the other three NEHRP agencies, iden-

tified the amounts to be distributed to each of the NEHRP Agencies for studying



53

and investigating the causes and effects of the Northridge earthquake. The National
Science Foundation, acting for the four agencies together, issued a request for pro-
posals from the non-federal community based NEHRP identified informational op-
portunities presented by the Northridge event. FEMA, USGS and NIST undertook
to conduct specially-focussed, needs-driven investigations and studies with a portion
of the funds. The distribution is as follows: USGS, $4M; FEMA, $2.5M; NIST,
$1.5M; and NSF, $7M (for NEHRP wide studies). Results of the studies will be de-
livered to the NEHRP user community through conferences, publications, symposia
and other appropriate mechanisms.

Questions Asked by Senator Rockefeller and Answers Thereto by Dr. Eaton

Question. Four Federal agencies participate actively in the earthquake program.
How are annual budgets determined and performance milestones coordinated among
the four agencies?
Answer. Each of the four principal agencies under NEHRP develops its own budg-

et according to its responsibilities under the Act. Discussions about budgets are held

among the NEHRP agencies through the Interagency Coordinating Committee.
Each vear the four agencies meet to develop an annual budget report which is sub-
mitted by FEMA's Oflice of Earthquakes and Natural Hazards to 0MB.

Question. What are the priorities for the current earthquake program?
Answer. The priorities for the current earthquake program are found in the Five

Year Plan for 1992-96 and in a draft Strategic Plan developed by the four agencies
in 1993. These

priorities
include:

• understana why and how earthquakes occur in order to provide a firm basis
of scientific understanding for developing effective and reliable hazard reduction
measures;

• define and characterize potential earthquake sources and source regions, deter-
mine rates of seismic activity, establish the state of each source within its earth-

quake cycle, and document, model, and predict earthquake effects, in order to iden-

tify areas and populations at greater risk;
• make the benavior of buildings and lifelines predictable, including earthquake

effects on occupants and contents;
• understand the social, economic and institutional dimensions of earthquake

hazards in order to facilitate more effective mitigation, preparedness and response
actions in communities across the U.S.;

• develop and implement practices for the safe and functional performance of

buildings and lifelines;
• develop and implement practices for responsible societal and individual re-

sponses to earthquake hazards and occurrences; and
• develop and implement practices for controlling secondary losses and stimulat-

ing recovery from damaging earthquakes.
Question. The Northridge earthquake has proven that technologies developed

under the earthquake program are successful in mitigating damage. Please describe
the process of identifying and pursuing priority technologies among the four agen-
cies for the earthquake program.
Answer. Each agency uses strategic planning, workshops and interaction with the

public to identify and pursue priority technologies. The Interagency Coordinating
Committee is a vehicle for discussing these technologies.

Question. The President's fiscal year (FY) 1995 budget of $103.2 million for the

earthquake program requests a $3.6 million increase over this year's spending lev-
els. H.R. 3485, passed last year, authorizes the program at $102.7 million for FY
1995 or $3.1 million increase. For a difTerence of $500,000 between the President's

request and the House-passed bill, what agencies and activities will be affected?
Answer. FEMA's earthquake risk reduction activities will be enhanced in the

area of ongoing State and local earthquake risk reduction activities, the conduct of
studies to improve the NEHRP Recommended Provisions for New Buildings, and
support for the development and provision of mitigation incentives to State and local

fovemments.
The House-passed bill authorizes the NIST budget at its current level,

'he unavailability of the President's proposed increase would curtail NISTs re-
search and development efforts in the area of lifeline earthquake engineering. For
the NSF Engineering and Geosciences Directorates, H.R. 3485 authorizes an in-
crease above the President's 1995 request. The effect, if any, will enhance currently
planned activities. The USGS budget would remain at the current level. The impact
wiU be accommodated by either reducing the scope of selected studies or increasing
the time to complete them.
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Question. H.R. 3485 contains several "Buy America" requirements which were not

provided in previous earthquake program reauthorizations. Will any of these provi-
sions change the way the Federal agencies undertake their work in the earthquake
program?
Answer. No. These provisions wiU have little or no impact on the way the USGS

undertakes its work in the earthqueike program, and to the best of our knowledge
will have little or no impact on the other participating agencies.

Question. Electrical, gas and water lines and communication are critical to battle

secondary effects of earthquakes, such as fire. What technologies have been devel-

oped under the earthquake program to protect these community "lifelines" from

earthquake damage?
Answer. The USGS places strong emphasis on documenting the effects of mod-

erate to large earthquakes as they occur, as well as estimating the effects that could
result from future earthquakes in specific regions. The results of these efforts can
be used in specifying the ground motion predictions for engineering design and in

assessing the potential for ground failure under postulated earthquake conditions.

The USGS produces seismic zonation maps at scales which can relate potential site

effects to the location of electrical, gas, water lines and communication systems.
This information can be of use in the retrofitting of existing structures or in the de-

sign of new ones.

Question. The Northridge earthquake revealed that the Los Angeles area may lie

on a complex set of thrust faults. Is the Los Angeles area unique in this regard?
How does an area like Los Angeles prepare for earthquakes in the future?

Answer. The Los Angeles area is not unique in terms of its faulting environment.
Thrust faults of a similar nature occur in sedimentary basins elsewhere. The 1993

Coalinga earthquake and the 1987 Whittier Narrow earthquake occurred on similar

structures. Although specific buried thrust faults are more difficult to identify and
characterize than faults expx)sed at the surface, it is generally possible to identity
broad regions that are subject to these hazards.

In order for an area like Los Angeles to prepare for earthquakes in the future,
there is a need to anticipate the hazard, assess the risk, and mitigate potential
losses rather than just responding to disasters. Disaster reduction involves careful

land use planning, sound engineering practice, enforcement of adequate building
codes to ensure resiliency of lifelines and other infrastructures, and effective emer-

gency preparedness and response.
Question. An original purpose of the Earthquake Hazards Reduction Act of 1977

was to predict earthquakes. Today, are we any closer to predicting earthquakes?
Answer. Short-term earthquake prediction has not been attained. Great progress,

however, has been made in identifying and characterizing future earthquake poten-
tial in probabilistic terms. In addition, significant progress has been made in devel-

oping methods to estimate the geographic effects of earthquake -related hazards

(landslides, liquefaction, and strong shaking) in probabilistic terms. The combina-
tion of the probability of future earthquake events and their effects provides the

fundamental elements of a decision-oriented loss reduction strategy. Quantitative
estimates of the strong ground motions to be expected at specific sites from future

earthquakes are proving possible. The USGS is continuing an earthquake prediction

experiment at Parkfield, California.

Question. What kinds of earthquake risks do eastern states like West Virginia
face?

Answer. Although West Virginia and a number of other states along the eastern
seaboard have much lower annual risks from earthquakes than California and other
states along the margin of the North American tectonic plate, their risks are not

zero. If we use the historical record of earthquake activity as a guide, the most like-

ly threat to West Virginia would be a recurrence of the moderate magnitude 6.3

Giles County, Virginia, earthquake of May 31, 1897. Today, the primary risks would
be to old unreinforced masonry buildings, new buildings and bridges built since

1897 which might vibrate in tune with the underlying soils, and underground pipe-
lines which might be subjected to permanent ground displacement induced by the

ground shaking. Potential vulnerabilities such as these have been exposed repeat-

edly throughout the United States and abroad in moderate-magnitude earthquakes.
The technology exists to assess these potential threats.
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Questions Asked by Senator Rockefeller and Answers Thereto by Dr.
Wright

Question. Four Federal agencies participate actively in the earthquake program.
How are annual budgets determined and performance milestones coordinated among
the four agencies?
Answer. Annual budget requests and performance milestones are determined and

coordinated throu^ the NEHRP Interagency Coordinating Committee (ICC), whose
members are senior line managers of the NEHRP agencies. The ICC provides pro-

gram-level direction in the preparation of the consolidated NEHRP budget and its

Rresentation
to the Office of Management and Budget, the development of the

fEHRP Five Year Plan, and the preparation of NEHRP strategic plans. The most
recent Five Year Plan, which was published in September 1991, covers the period
from 1992 to 1996. Annual budgets and performance milestones are developed by
the individual agencies to implement the Five Year Plan. Moreover, following the

January 1994 Northridge earthquake, the ICC held a number of meetings to develop
an integrated approach for proposing and implementing the $15M supplemental
funding for earthquake studies.

In January 1993, the ICC prepared a draft strategic plan. The draft strategic plan
is the basis for ongoing planning of NEHRP and an input to the National Earth-

quake Strategy Working Group of the President's OfUce of Science and Technology
Policy.

Question. What are the priorities for the current earthquake program?
Answer. There are seven priorities in the current NEHRP program, as listed in

the program's Five-Year Plan for 1992-1996. They are:

P\indamental Earthquake Studies; Earthquake Hazard Potential; Earthquake Ef-
fects and Engineering Research; Planning for and Mitigating Earthquakes; Informa-
tion Systems and Dissemination; Postearthquake Studies; and International Co-

operation.
Question. The Northridge earthquake has proven that technologies developed

under the earthquake program are successful in mitigating damage. Please describe
the process of identifying and pursuing priority technologies among the four agen-
cies for the earthquake program.
Answer. Identification of priorities occurs at the ICC level, during strategic plan-

ning and formulation of Five Year Plans and through ongoing reviews or program
efforts. The responsibility for pursuing the identified priorities rests with each agen-
cy, based on its level of appropriations.
NIST, in fulfilling its assigned role in NEHRP, research and development to im-

prove standards for buildings and lifelines, identifies and pursues priority tech-

nologies based on user needs. NIST maintains close contacts with such private sec-

tor prestandardization organizations as the Building Seismic Safety Council (BSSC)
and the Applied Technology Council. NIST stafT members are active participants in

workshops and conferences organized by NSF, FEMA, and USGS, and the Earth-

quake Engineering Research Institute (EERI). NIST maintains close contacts with
code setting bodies and developers of standards, such as ICBO (Uniform Building
Code), BOCA (National Building Code), SBCCI (Standard Building Code), American
Society for Testing and Materials (ASTM), American Society of Civil Engineers
(ASCE), American Concrete Institute (ACI), and American Institute of Steel Con-
struction (AISC). Post-earthquake reconnaissance efforts allow NIST researchers to

identify technical issues that need to be addressed for improved seismic safety.
NIST remains in close touch with the needs of the Federal community through the

Interagency Committee on Seismic Safety in Construction (ICSSC), which NIST
chairs and administers. Through the ICSSC, 31 Federal agencies concerned with
seismic safety collaborate to develop earthquake hazard reduction measures suitable
for incorporation into Federal agency programs.

Question. The President's fiscal year (FY) 1995 budget of $103.2 million for the

earthquake program requests a $3.6 million increase over this year's spending lev-

els. H.R. 3485, passed last year, authorizes the program at $102.7 million for FY
1995 or $3.1 million increase. For a difference of $500,000 between the President's

request and the House-passed bill, what agencies and activities will be affected?

Answer. Of the President's FY 1995 budget request of $103.2 million for the

earthquake program, $1,932 million was for NIST. The House-passed bill authorizes
the NIST earthquake budget at $1,532 million, a $400,000 decrease from the Presi-

dent's request. The unavailability of the President's proposed increase would curtail

NISTs research and development efforts in the area of lifeline earthquake engineer-
ing. Specifically, NIST would cot be able to conduct a demonstration project, work-

ing with the Electric Power Research Institute (EPRI), a power industry consortium.
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that would lead to the development of seismic safety guidelines (prestandards) for

the electric power lifelines.

Question. H.R. 3485 contain several "Buy America" requirements which were not

provided in previous earthquake program reauthorizations. Will any of these provi-
sions change the way the Federal agencies undertake their work in the earthquake
program?
Answer. These provisions have a minimal effect on NISTs earthquake engineer-

ing program. NISTs main effort is in-house R&D utilizing existing testing facilities.

NBT buys scientific instruments from U.S. companies. NISTs NEHRP collaboration

with experts in other countries, such as Japan, is limited to exchanging information,

jointly supporting workshops and conferences, and exchanging guest researchers.

Question. Electrical, gas, and water lines and communications are critical to bat-

tle secondary effects of earthquakes such fire. What technologies have been devel-

oped under the earthquake program to protect these community "lifelines" from

earthquake damage?
Answer. Research by NSF, USGS and NIST on earthquake hazards and the re-

sponse of structures to earthquakes has been applicable to both building and lifeline

structures. As the need for eiTorts more specifically focused on lifelines has become

apparent, NSF and NIST have supported lifeline-specific projects. For example,
NlST recently issued a report on estimating liquefaction potential at lifeline sites.

Congress, in the 1990 ^JEHRP Reauthorization Act (Public Law 101-614), recog-
nized the importance of maintaining the functionality of lifelines during and after

an earthquake and the lack of nationally accepted design guidelines in any lifeline

area other than transportation, by mandating FEMA, in consultation with NIST, to

develop "a plan, including precise timetables and budget estimates, for developing
and adopting, in consultation with appropriate private sector organizations, design
and construction standards for lifelines" and "recommendations oi ways Federal reg-

ulatory authority could be used to expedite the implementation of such standards."

In response to this mandate, FEMA and NIST, working with appropriate private
sector organizations and the NEHRP Advisory Committee, developed the plan. The

plan focuses on drafting guidelines based on available knowledge, testing and im-

proving them in demonstration projects, supporting the adoption of these guidelines

by the standards and professional organizations serving the lifeline community, and

working with the lifeline community to achieve effective implementation. Since life-

lines are long-lived and regularly maintained, the plan emphasizes the assessment
and mitigation of hazards to existing lifelines. The Plan calls for NSF, USGS and
NIST to respond through their research programs to knowledge needs identified in

the standards development process.
Question. What are the primary reasons why states would not incorporate re-

quirements for hazard mitigation technologies into their building codes?

Answer. In general, states, which have a statewide building code, adopt the provi-
sions of one oithe three model building codes. These states generally update their

code regularly, usually on a three- or four-year cycle, again based on a model code

which is updated annually.
However, as of 1992, only half of the states had a mandatory statewide code with

seismic provisions. For states without a statewide code, the adoption of building
codes is left to local or county jurisdictions. Many counties, cities and towns within

these states have adopted a building code with adequate seismic provisions.
NIST has made no recent study of reasons why states do not adopt statewide

building codes. Reasons may include adversity to regulations and tradition to dele-

gate the building regulatory responsibility to local governments. In some instances,

particularly in smaller communities, jurisdictions may minimize their regulatory ac-

tivities, which can lead to obsolete local codes, failure to enforce codes, and even fail-

ure to adopt any code at all.

Question. Please describe recommendations for increasing the transfer of hazard

mitigation technologies from the earthquake program to states and the construction

industry.
Answer. Users, such as owners, designers, builders, regulators and

suppliers,
should play a principal role in problem focused research and financial and technical

support for these technology transfer activities. In cooperation with the
private

sec-

tor, NEHRP should continue and strengthen efforts to evaluate, synthesize, and
translate new technologies into design and construction practices, by packaging syn-
thesized knowledge into formats (such as design manuals) that can be readily used

by practitioners.
NEHRP should continue and strengthen its technical support to

mooel code bodies and encourage them to adopt updated design guidelines into their

model code documents. NEHRP should support the model code organizations' efTorts

to work with state and local governments to promote the
adoption

of model codes

in state and local regulations and their enforcement. NEHRP snould track proposed
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changes to the model codes to support those that would improve risk reduction and

oppose those that would increase nsks.
NISTs role in NEHRP, research and development for improvement of standards

for buildings and lifelines, suggests that NIST should play a principal role in prob-
lem focused research and financial and technical support for these technology trans-

fer activities.

Finally, note that enhanced technolo^ transfer will lead to stronger demands for

knowledge needed to fill gaps identified in the development and use of risk reduc-

tion practices.

Question. Earthciuakes are not unique to the United States. Please describe any
benefits and costs resulting from collaborations on earthquake technologies with
other countries.

Answer. There are many benefits when earthquake-prone countries work closely

together to share information and experiences related to earthquake hazard reduc-

tion. International cooperation can speed up the development of key data bases,
such as collections of strong ground motion records and evaluations of the actual

performance of structures equipped with new and developing technologies, such as

structural control systems. Good examples are the establishment of two sophisti-
cated arrays of strong ground motion recorders in Taiwan, one of the most seis-

mically active areas of the world, under a multi-national financial and technical

support agreement between the U.S., Japan, Taiwan, and Korea; Japanese arrays
whose results are available to the U.S. through the U.S.-Japan Panel on Wind and
Seismic Effects; and the cooperative structural research conducted under the U.S.-

Japan Panel on Wind and Seismic Effects.

International collaboration allows the U.S. to learn from foreign earthquakes
through collaborative post-earthquake investigations. Such investigations provide

opportunities to collect perishable data, assess how current technologies performed
during a real event, and learn lessons that can be used immediately to guide
NEHRPs R&D program and provide advances in seismic safety practices.

Joint international projects make large-scale field and laboratory experiments pos-
sible. Such experiments often are too costly for a single country to undertake. With

proper planning and carefully execution, the results of the efTorts will be directly
useful to all the sponsoring countries.

NEHRP has gained greatly from international collaboration since the
program's

inception in 1977. An outstanding example of such collaboration is the U.S.-Japan
Panel on Wind and Seismic Effects, a component of the U.S.-Japan Program in Nat-
ural Resources. The Panel allows researchers and practitioners of both countries to

exchange technical data, collaborate on experimental work including large-scale

testing, jointly participate in post-earthquake investigations, and exchange technical

personnel. The panel just completed its 26th annual meeting in May 1994. NIST
provides the chair and secretariat for the U.S. side of the Panel.

Costs for international collaboration are generally quite modest -usually the only
extra cost is travel needed to access the work of foreign investigators or to observe
or participate in foreign investigations.

Questions Asked by Senator Rockefeller and Answers Thereto by Mr.
bordogna

Question. Four agencies participate actively in the earthquake program. How are

annual budgets determined and performance milestones coordinated among the four

agencies?
Answer. The annual budget process and development of performance milestones

are influenced mainly by the National Earthquake Hazards Reduction Program
(NEHRP) Five-Year Plan. The four NEHRP agencies have developed a series of five-

year plans to establish priorities and coordinate efibrts among the agencies. Input
to the development of the five-year plan is derived from legislation, advisory com-

mittees, agency management, and agency coordination meetings, especially those
held by the Interagency Coordination Committee. The latest five-year plan covers

the period of 1992-1996. The next plan, normally due this year, is being delayed
awaiting input from the current OSTP and OTA reviews of the NEHRP

program.A coordinated NEHRP budget is prepared annually and submitted to 0MB. The
NEHRP budget levels for each agency are based on the role played in the program,
as defined in the five-year plan, and on priorities set within each agency.

Question. What are the priorities for the current earthquake program?
Answer. The priorities for NSF in the current earthquake program are as defined

in the current NEHRP Five-Year Plan. The elements of that
plan

are A) NEHRP
Leadership, B) Fundamental Earthquake Studies, C) Earthquake Hazard Potential,
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D) Earthcmake Effects and Engineering Research, E) Planning for Mitigating Earth-

quakes, F) Information Systems and Dissemination, G) Postearthquake Stumes, and
H) International Cooperation. NSF responsibilities are concentrated in elements B,
D, F, G, and H.

Special priorities were set for the Northridge earthquake by the NEHRP Inter-

agency Coordination Committee pursuant to the emergency supplemental appropria-
tion, PL 103-211. These priorities are A) Actively inlluencing recovery, reconstruc-

tion, and mitigation, B) Learning the lessons of the Northridge earthquake in the
hazard environment area, C) Learning the lessons of the Northridge earthquake re-

garding the built environment, D) Learning the lessons of the earthquake in the so-

cioeconomic area, and F) Applying the lessons of the earthquake to advance mitiga-
tion.

Question. The Northridge earthquake has proven that technologies developed
under the earthquake program are successful in mitigating damage. Please describe
the process of identifying and pursuing priority technologies among the four agen-
cies lor the earthquake program.
Answer. The Northridge earthquake experience provides a good example of how

the tour agencies pursue priority technologies in the context of the NEHRP five-year
plan. Discussions were held on the day oithe earthquake to determine the NEHRP
approach for the collection of perishable information, including data on the perform-
ance of technologies in place at the time of the event. This was followed by a series

of joint planning meetings for reaching consensus on the long-term investigations
and related activities that the NEHRP agencies would pursue. One result was the
external NEHRP Northridge earthquake research program, which focuses on under-

standing the hazard environment, the built environment, and the societal environ-
ment in relation to the earthquake. Over 400 proposals have been received and eval-

uated by the NEHRP agencies with the help of expert review panels and subsequent
awards will lead to new mitigation technologies and the modification of existing
ones.
NSF and the other NEHRP agencies work very closely with both external experts

and potential end-users in identifying and pursuing priority technologies. Advisory
committees and workshops have proved particularly useful since they provide the

opportunity for intensive discussion and consideration of relevant issues. For exam-
ple, before pursuing a program on structural control research, an area with signifi-
cant potential for reducing the impacts of earthquakes on the built environment,
NSF organized a structural control advisory committee comprised of prominent lead-
ers in the field, including both researchers and potential users. This committee has

played a major role in providing guidance on our program on structural control re-

search which is now in its third year, including ways to exchange information with
similar efforts worldwide.
A June, 1993 NSF-sponsored workshop on Directions for Research in the Next

Decade is an example of how workshops are used to help set agency research agen-
das and to prioritize the development of technologies in the earthquake field. Re-
searchers and practitioners were assembled in Wasnington D.C. for two days to dis-

cuss ways to enhance the participation of NSF in NEHRP; to discuss past accom-

plishments of NSF-funded research in the fields of earth science, earthquake engi-

neering, and social science; and research needs in these areas in the next decade.

The workshop recommendations are used by NSF and the other NEHRP agencies
to prioritize nature activities related to such topics as plate tectonics, fault mechan-
ics, and ground response; the next generation of building codes; techniques for the

rehabilitation and repair of existing buildings; and disaster planning and manage-
ment.
The proposal peer review process used by NSF, as well as by USGS in its external

research program, also helps to establish NEHRP priorities for future earthquake
technologies. In the case oi NSF, whether through mail review or panel review, re-

viewers are requested to comment on the relative significance of research proposals
they evaluate. Such recommendations have a major influence on the projects that
are subsequently ftinded to develop more effective earthquake hazard reduction

technologies.
Question. The President's fiscal year (FY) 1995 budget of $103.2 million for the

earthquake program requests a $3.6 million increase over this year's spending lev-

els. H.R. 3485, passed last year, authorizes the program at $102.7 million for FY
1995 or $3.1 million increase. For a difference of $500,000 between the President's
reouest and the House-passed bill, what agencies and activities will be affected?

Answer. H.R. 3485 authorizes $28.9 million for NSF's earthquake research pro-

grams in FY 1995. This is $1.8 million more than the amount included for these

programs in the President's FY 1995 Budget Request. Thus, if FY 1995 budget is

enacted as requested, NSF should be able to fully support its planned activities.
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Question. H.R. 3485 contains several "Buy American" requirements which were
not provided in previous earthquake program reauthorizations. Will any of these

provisions change the way the Federal agencies undertake their work in the earth-

quake program?
Answer. No effect on NSF activities is anticipated.

Question. Electrical, gas, and water lines and communications are critical to bat-

tle secondary effects of earthquakes such as fire. What technologies have been devel-

oped under the earthquake program to protect these community lifelines 1 from

earthquake damage?
Answer. Through the NSF-funded National Center for Earthquake Engineering

Research at the State University of New York, Buffalo, and at Princeton University
and Cornell University, an advanced computer simulation capability

—for water,

gas, and electric power—has been developed and tested in the Memphis, Tennessee
area and also used in San Francisco. The technology uses network analysis and the-

ory to determine urban lifelines system behavior under earthquake scenarios and

f)redicts

service losses, such as loss of water pressure (which is important for fire

ighting) and power outages.
This capability makes it possible for local governments and utilities to mitigate

and prepare for problems caused by earthquakes. The results of computer modeling
carried out in San Francisco by Cornell University researchers led to an upgrading
of the city's water system and enabled the fire department to more effectively fight
fires following the 1989 Loma Prieta earthquake.
NEHRP research has also resulted in the development of structural control tech-

nologies for modifying the response of lifeline systems to earthquake motions. For

example, base isolation technology has been employed on some bridges in California

to increase their capacity to withstand earthquake forces. While more experience
with sizable earthquakes is needed before we can understand the full implications
of such efforts, thus far this technology appears very promising.

Question. Research facilities help researchers to study the effects of earthquakes
through simulations. How valuable are research tools like computer modelling and
shake tables to NSF's research in the earthquake program?
Answer. These are research tools that are fundamental to advances in earth-

2uake
hazard mitigation. Large shake tables, such as those at the University of

lalifomia, Berkeley, and the National Center for Earthquake Engineering Re-

search, Buffalo, provide experimental data on the response of structures to simu-
lated earthquakes—data which is very hard to measure in strong earthquakes,
which by their nature occur at unexpected times and in unexpected places.

Shake
tables on geotechnical centrifuges provide data on the response of full scale struc-

tures, such as an earth dam, to simulated earthquakes. Computer modeling is now
an intrinsic part of most research projects. It can vary from quite simple models to

sophisticated models of complex systems such as a detailed model of a tall building
and its foundation subjected to a given earthquake motion. Models are currently

being developed for the response of the Los Angeles Basin to the rupture of known
faults in the region. Many models can be run on desktop computers, while others

require the power of supercomputers, and others, such as the model of the Los An-

geles Basin, are beyond the ability of current supercomputers. For the latter appli-

cation, the use of massively parallel computers is being explored in the development
of these models.

Question. The last comprehensive review of earthquake research facilities in the

U.S. was done in the mid-1980's. Is it time to study this issue again? What are the

possibilities of using the research facilities of other countries, line Japan, to study
earthquakes?
Answer. The Northridge earthquake reminds us that it is timely and important

to revisit the cmestion about the status and adequacy of experimental research fa-

cilities in the U.S. From the standpoint of both hazard reduction in this country and
our ability to compete in international markets, it is

important
for the U.S. to have

state-of-the-art experimental facilities. Under NEHRP, NSF has a principal role in

supporting university research facilities. In cooperation
with NIST and its other

NEHRP partners, NSF is prepared to examine the status of experimental research

facilities in the U.S. and has already entered into a dialog with them and other in-

terested parties, such as academic experimental researchers and design engineers,
about this matter.
There has been some limited use of foreign earthquake research facilities by U.S.

investigators. However, this is a complicated matter because it is often difficult to

get scheduled into a foreign facility and it can be very expensive.
If resources are

available, it could be argued that it is better to improve aomestic facilities and to

enter into cooperative research projects with foreign countries like Japan on the
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basis of mutual interest and the availability of comparable resources, including re-

search facilities.

Questions Asked by Senator Pressler and Answers Thereto by Mr. Moore

Question 1. In my statement, I mentioned that the cost of natural disasters con-

cerns me. The major goals of this program should be aimed at saving lives and sav-

ing tax doUars. Much could be done to achieve these objectives if people simply had
the information necessary to help them avoid living in dangerous earthquake prone
areas.

Question 1(a). To what degree can the National Earthquake Hazards Reduction

Program accurately identify such areas?

Ajiswer. Under NEHRP, USGS has principal responsibility for identifying earth-

quake hazards, and this includes mapping. NEHRP has produced national scale

maps which reflect the current state ot knowledge about the sources of earthquakes
in the U.S. Mapping of related earthquake hazards, such as liquefaction and land-

slide potential areas, has also been done at a regional scale. Generally speaking,
more specific earthquake hazard identification data for earthquakes is known in the

Western U.S. than in the Central and Eastern U.S. The most detailed information

about earthquake hazards (on a State, local or individual scale) is available in Cali-

fornia.

Your preface to this question suggests an interest in the larger scale of mapping,
i.e., a more detailed mapping of hazards on a "people-scale". Soil-conditions at a

buildings site are important for the identification of such site-specific seismic haz-

ards. NEHRP can provide or directpeople to the technology for conducting site-spe-
cific seismic hazard analysis, but NEHRP does not provide that analysis for commu-
nities or individuals on an ongoing basis.

Question 1(b). Are state and local governments using this data to perfect building
codes and/or zoning ordinances?
Answer. In the arena of zoning ordinances, or land use planning, some do. The

use of it, however, is generally voluntary although there are some States (and local)

jurisdictions where enacted laws require community development planning (e.g.,

California and Washington).
With respect to building codes, nearly all States or local governments which uti-

lize building codes adopt one of the three major model building codes (i.e., Uniform

Building Code, National Building Code or Standard Building Code). The groups
which promulgate these codes have procedures for the incorporation of improved
knowledge about earthquake hazards into their standards.

In addition, the NEHRP Recommended Provisions for New Buildings includes

maps as appendices. This seismic design and construction resource is issued by the

Building Seismic Safety Council (BSSC) which operates under the National Institute

of Builcfing Sciences. FEMA funds the continuing BSSC work and their updating of

the Provisions in order to be able to establish national consensus on seismic design
and construction. Thus, improvements in earthquake hazard identification can be

reflected in this NEHRP issued resource material and be nationally applied. The re-

lationship between the BSSC materials and that of the model code groups is excel-

lent, and as of 1992, each of the model codes are substantially equivalent with the

NEHRP Provisions.

Question 1(c). What role do you think Congress can play to help facilitate mitiga-
tion add move people

from potentially hazardous areas?

Answer. NEHRP has learned a lot over the years about the impediments to miti-

gation adoption and the means to overcome these impediments. The most important
lesson we have learned is that seismic mitigation policy adoption and enforcement

wiU be implemented most comprehensively if the mitigation delivery system pro-

vides incentives.

In developing our National Mitigation Strategy we are trying to identify those in-

centives which can be reasonably offered to jurisdictions and individuals, in connec-

tion with existing, or feasible federal policies on buildings' and communities' resist-

ance to disasters. We would be very pleased to work with your stafi" in defining how
these and other elements of the strategy can be incorporated into your work and
into that of the Congress.
Question 2. It has been recommended that perhaps it is time to reevaluate and

restructure NEHRP to make it more efiective. Would you agree that a comprehen-
sive review of current earthquake programs is needed and, ii so, what areas should

such a review address?
Answer. Many reviews of NEHRP have been conducted, including reviews con-

ducted by the General Accounting Office (1983), the Expert Review Committee
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(1988), and the NEHRP Advisory Committee (1993). We believe these have sufii-

ciently identified the issues and problems which should be addressed in order to im-

prove the NEHRP management and accelerate the Program's efTective implementa-
tion of earthquake risk reduction policies.
The Office of Science and Technology Policy, in response to a request from several

members of Congress, has initiated an Executive Branch review of NEHRP. FEMA
is supporting and cooperating in their work. OSTP does have the capability in con-

sequence of this review to oner genuine suggestions that implement the findings of

the NEHRP Advisory Committee, and others mentioned above. The OSTP report
back to the Congress is expected in late 1994.

Question 3. As with any interagency program, poor coordination between bureauc-
racies often can seriously dilute the mission of an interagency group. Unfortunately,

past hearings have revealed that the quality of this program's work has suffered at

times for this very reason.

Question 3(a). How have you addressed this problem in the wake of the recent

Northridge, California, earthquake?
Answer. Our belief is that each of the NEHRP Agencies has always worked rea-

sonably well with one another, and that, in fact, NEHRP is one of the best coordi-

nated programs in the federal sector. Each has been willing to provide the human
resources for the conduct of interagency meetings and the like, and has been

proactive in identifying opportunities for cooperative activities. In addition, the

staffs of each of the Agencies have continuous contacts with one another, thus in-

creasing the cooperative aspect of this multiagencv program. The aspect which past

hearings and past reviews of NEHRP have revealea is that the programmatic con-

struct inhibits a comprehensive degree of integrated activities and the setting of

cross-cutting priorities.
Several hours after the Northridge earthquake, the NEHRP Agencies began meet-

ing in order to coordinate on identifying the investigatory opportunities presented
by the earthquake, and the supporting role the Program should provide to the recov-

ery eflbrt. This resulted in an extremely well-coordinated plan of investigation and

support. I am enclosing a copy of it for your information. We were able to employ
this plan in using the $15M supplemental which the Congress appropriatea to

FEMA for the conduct of NEHRP investigations by the Agencies.
The following points will help explain the format of the "plan" for utilization of

the NEHRP Supplemental appropriation:
• There are 4 major categories of activities discussed in the document under

which NEHRP Agencies deal with the Northridge earthquake: 1) assisting response
and recovery eflbrts; 2) learning the lessons of the event; 3) communicating those

lessons and 4) applying those lessons. Most of the Supplemental funds are being

spent on #2, or in other words, post-earthquake investigations. This conforms with
the wording of the supplemental appropriation enacted by Congress and the lan-

guage offered on the floor in support of it;

• Afler each task or project, there is noted either an Agency (or Agencies) or the

phrase "NEHRP Program announcement" in parenthesis.
a) Where an Agency name appears, it indicates that a task or project will be car-

ried out by the agency cited. In most cases, particularly with respect to the tasks

and projects under II, the actions will be accomplished with the supplemental funds.

In a few cases. Agencies will accomplish the task under normal NEHRP operating

budgets;
b) Where the term "NEHRP Program announcement" appears, it indicates that

funds were transferred to NSF for external, competitive grants. NSF agreed to ad-

minister this process for NEHRP.
• The NEHRP Agencies reached an agreement on the relative levels of balance

to be achieved in 3 main areas of investigation: Hazard Environment; Built Environ-

ment; and Societal Environment. To summarize, these levels show built environ-

ment research to have the highest amount of support, hazard environment next, and
societal environment third.

• The actual apportionment of the $15 million among the 4 Agencies was as fol-

lows: FEMA, $2.5M; NIST, $1.5M ; USGS, $4M; and $7M to NSF for the external

grants.

THE NORTHRIDGE CAUFORNIA EARTHQUAKE—^RATEGY FOR THE UTILIZATION OF THE
EMERGENCY SUPPLEMENTAL APPROPRIATION TO THE NEHRP AGENCIES

Introduction

In section 11 Tostearthquake Investigations Program," of the Earthquake Haz-
ards Reduction Act, as amended, the four agencies that participate in the National

Earthquake Hazards Reduction Program (NEHRP) are instructed to carr>' out a
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postearthquake investigations program "so as to learn lessons which can be applied
to reduce the loss of lives and property in future earthquakes." Specifically, Sec. 11

states that the Program Agencies—the Federal Emergency Management Agency
(FEMA), National Science Foundation (NSF), National Institute of Standards and

Technology (NIST), and United States Geological Survey (USGS)—shall jointly car-

rying out investigations of the implications ofthe earthquake in the areas of respon-

sibility of each agency. The investigations should be done as rapidly as possible and
results disseminated widely. The tJSGS is charged with the responsibihty of orga-

nizing these investigations and each agency is given specific roles according to that

agency's mission and expertise.
The Northridge earthquake of January 17, 1994, had serious impact to southern

California and to the Nation. The loss of over 50 lives and billions of dollars of dam-

age to the built environment in the San Fernando valley and adjacent Los Angeles
metropolitan area from a magnitude 6.7 earthquake in one of the best earthquake

prepared regions of the U.S. points to the continuing risk our Nation faces from

earthquakes. In the Report to accompany H.R. 3759 which makes available a $15
million emeivency supplemental appropriation to FEMA the intent of the appropria-
tion is specified to increase the scientific understanding of earthquakes and to as-

sess and make recommendations for improving upon seismic safety throughout the

nation based on lessons learned from this disaster.

Purpose and Objectives

This document is intended to lay out a strategy by which the four NEHRP agen-
cies will utilize the $15 million supplemental appropriation to accomplish the post-

Northridge earthquake investigations in a timely and comprehensive manner. The
NEHRP agencies are in agreement that there are four principal objectives to be ad-

dressed. First, the capabilities of the four agencies should be inmiediately applied
to assisting local, state and federal jurisdictions carry out the recovery, reconstruc-

tion and mitigation processes in the aftermath of this earthquake. Concurrently, the

four agencies should be taking steps to investigate the events associated with this

earthquake, from the source o? the energy, transmission of that energy through the

earth, to its input into the built environment, and ultimately the resultant economic

and social impacts and response. This may be described as learning the lessons of

the Northridge earthquake. As those lessons are learned, the third objective of the

NEHRP agencies is to collaborate in communicating those lessons that we are learn-

ing by whatever means are available and efTective. Finally, in addition to conunu-

nicating those lessons, the four agencies should take steps to see that those lessons

are applied, both in southern California and, where appropriate to the rest of the

United States.

I. ASSISTING RECOVERY, RECONSTRUCTION AND MITIGATION

The Problem

The majority of the immediate recovery and reconstruction needs are being met

through other provisions of the Dire Emergency Supplemental. The purpose of this

objective of the NEHRP effort is to provide information and lessons learned from

Sast
earthquakes, as well as the Northridge earthquake, regarding the continuing

azard environment of the region and the risk to the built environment. This infor-

mation should be provided in proactive ways to guide and influence the overall proc-

ess of quickly and safely restoring the disrupted community to normal operations,
and improve the mitigation provisions for the damaged built environment. There

wiU be immediate and long-term demands from Federal, State, and local govern-
ment agencies requesting information on the standards, guidelines, and practices to

be usecf in the reconstruction and repair of buildings, critical facilities and lifelines;

the NEHRP agencies must be prepared to address those demands.

Tasks

1. The NEHRP agencies will serve as a technical resource for input to a recovery
and reconstruction decisions that will be underwritten by the P'ederal government.
[All NEHRP agencies]

2. Develop a GIS-based risk map that will incorporate general levels of ground
shaking, local site amplification, and potential ground failure, that will be used in

reconstruction. [NSF, FEMA, USGS]
3. Disseminate in a timelv manner results of investigations conducted as de-

scribed in the next section that can contribute to the recovery and reconstruction

efi'orts. [All NEHRP agencies]
4. Provide to the engineering community information on current state-of-art tech-

niques for the repair of damaged structures through public meetings and workshops



63

bringing together the researchers, practitioners and the standard setting organiza-
tions. [NSF, FEMA, NIST]

II. LEARNING THE LESSONS OF THE NORTHRIDGE EARTHQUAKE

A. The Hazard Environment

The Problem

The tragic effects of the Northridge earthquake over a broad region of the San
Fernando and Los Angeles basins, and surrounding mountains have graphically
demonstrated the hazard that southern California faces from buried faults underly-

ing the sedimentary basins. The Northridge earthquake focused the concern of the

earth science community on better defining the hazard associated with these buried

faults and how the earthauake energy, once released, is transmitted and
amjplified

through the sedimentary oasin. This hazard is not unique to southern California;

several large metropolitan areas of the U.S. are situated on sedimentary basins that

are bordered by, contain, or are underlined by active faults. Although the ma^itude
of the earthquakes from these buried faults may not be as large as those which can
be expected from nearby surface faults such as the San Andreas and San Jacinto,

the failure plane dipping under much of the populated region can result in the wide

destruction and casualty patterns seen in Northridge. In addition, the sedimentary
basin itself demonstrated a tendency to distribute, focus, and amplify the earth-

quake energy to a much larger degree than previously expected.

Tasks

Assessing the Earthquake Source.— 1. Support the immediate seismological, geo-
detic and geological field work to collect data from the Northridge earthquake. Un-

derstanding the scientific aspects of the earthquake, so that the lessons learned can
be applied to future earthquakes, requires careful and systematic collection of per-
ishable seismological and geological data in the weeks and months following the

earthquake. Also, the quantity and complexity of the data is overwhelming current

data storage, so that the archive facilities need to be expanded and improved [NSF-
SCEC, USGS]

2. Conduct a systematic, quantitative inventory of damage in a geographic frame-

work that provides a modern assessment of the Mercalli Intensity Scale and its reli-

ability for public use. The investigation will also compare and contrast the damage
patterns that resulted from the San Fernando earthquake of 1971 (magnitude 6.7)

and the Northridge earthquake of 1994 (magnitude 6.7). [USGS]
3. Undertake extensive geophysical and geological investigations that will eluci-

date the regional fault structures and accelerate the understanding of potential

earthquake nazards. The Northridge earthquake occurred on a hidden faults that

did not rupture to the surface of the earth (blind thrust fault). Similar faults under-

lay the Los Angeles and Ventura basins. [NEHRP Program Announcement and

USGS]
4. Study the details of the Northridge rupture process, with emphasis on the fac-

tors that contributed to the severe ground motions that were recorded on many
strong-motion instruments throughout the San Fernando Valley and Los Angeles
Basin [NEHRP Program Announcement and USGS]

5. Clarify the different contributions of the earthquake source from the site and

path effects in the strong-motion records of the mainshock, using recordings of after-

shocks from the same sites. [NEHRP Program Announcement and USGS]
6. Collect and analyze geological and geophysical data that will

provide insight
into the recurrence oi earthquakes in the San Fernando valley with the intent of

forecasting the future hazard for the region, and determining estimates of the levels

of ground shaking that the valley will experience in future earthquakes. [NEHRP
Program Announcement and USGS]

7. Analyze the three-dimensional physical character of the San Fernando Valley
and monitor how the valley gradually changes in geometry over the coming months
and years using geodetic surveys including GPS. [NEHRP Program Announcement
and USGS]

8. Improve broadband and strong-motion seismic instrumentation to record the

continuing aftershocks from Northridge. Seismic source parameters derived from
these data will clarify the source processes of the Northridge earthqueike and larger
aftershocks. [USGS]
Assessing the Influence of Geological Structures.— 1. Conduct a systematic study

of how the San Fernando sedimentary basin caused local amplified shaking and fo-

cusing of energy which was a direct cause of a substantial amount of the building

damage from tne earthquake and how this can be applied to assessing the hazard
in the Los Angeles basin. [NEHRP Program Announcement and USGS]
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2. Undertake detailed active and passive seismic experiments to image the basin
structures of the San Fernando Valley, Los Angeles, and San Bernardino areas. De-
tailed information about the basins structure will enable better modeling of ground
motions from damaging earthquakes. [NEHRP Program Announcement and USGS]

3. Study the local site effects of seismic waves on a block by block scale in the

heavily damaged area of Northridge. Correlate the seismological results with the

damage surveys. Determine the variability of the shaking witnin short distances of
less than 1 km. [NEHRP Program Announcement and USGS]

4. Categorize local site response by shallow shear-wave velocity measurements
and correlate with amplitudes of strong ground motions. [NEHRP Program An-
nouncement and USGSJ

5. Study and characterize nonlinear amplification of ground motions on soft rock
and soil sites. [NEHRP Program Announcement and USGS]

6. Investigate the causes of the sustained and high amplitude shaking of over Ig
that was recorded in Tarzana, at a relatively large distance from the earthquake.
[NEHRP Program Announcement and USGS]

7. Examine the local site response effects that may have amplified seismic waves
and caused damage at the collapsed freeway sites (l5-highway 14 interchange, high-
way 118 near Woodley, 110 at La Cienega). [NEHRP Program Announcement and
USGS]

8. Evaluate the role that ground failure played in disruption of lifelines, particu-
larly lateral spreading and liquefaction, and

apply
the knowledge acquired from this

earthquake to prepare new ground failure risk maps. [NEHRP Program Announce-
ment and USGS]
Combining Earth Science Information into Products.— 1. Produce realistic time

histories of ground motions from scenario earthquakes in populated areas. [NEHRP
Program Announcement and USGS]

2. Produce local site response maps that show variations of expected ground mo-
tions. [NEHRP Program Announcement and USGS]

3. Produce regional seismic hazard maps using both deterministic and probabilis-
tic methods of earthquake occurrences. [NEHRP Program Announcement and
USGS].

B. The Built Environment

The Problem

The damage to the built environment due to the Northridge earthquake has been
widespread and varied. The earthquake has damaged thousands oi buildings and
structures of different

types
—

bridges, hospitals and essential service buildings,
apartment buildings, parking structures, power systems including substations and
transmission lines, communication systems, water and gas distribution systems, old
as well as more recently constructed buildings, and many more. The urban infra-

structure system in the region has especially sufiered severe damage, causing loss

of life, serious economic losses and prolonged disruptions of essential services. The
preliminary data indicates that structures were subjected to large components of
vertical motion in this earthquake; this uncommon observation has important engi-
neering design implications requiring further investigation. In the light of the San
Fernando earthquake in the same region in 1971 and subsequent upgrading of

building codes, tne studies on the penormance of various upgraded structures in
this earthquake are of particular importance. This event provides very valuable data
to study the performance (both failures and successes) of our civil infrastructure and
other built environment exposed to strong ground shaking with the primary objec-
tive of recommending improved engineering design methods to avoid future failures,
and to develop better operating, monitoring and management procedures to avoid
serious disruptions. The required studies are divided into the following areas, al-

though studies cutting across these topics may also be necessary.

Tasks

Siting and Geotechnical Engineering.— 1. Conduct coordinated geologic, geo-
physical and geotechnical investigations to determine the ground shaking and per-
manent ground deformation that occurred beneath failed freeway structures and the

gas and water pipelines. [NEHRP Program Announcement and USGS]
2. Determine the variation in the level of ground shaking (including acceleration,

velocity, displacement and spectral content) in terms of source, propagation path
and site affects. Investigate the use of the currently available linear or nonlinear

analysis techniques to explain and predict the observed information. [NEHRP Pro-

gram Announcement and USGS]
3. Examine the performance of concrete, earth and rock-fill dams, including the

performance of abutments and foundations, especially of those dams that suilered
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significant failures in the 1971 San Fernando earthquake. [NEHRP Program An-
nouncement]

4. Evaluate the performance of earth slopes and earth retaining structures; com-

pare observed and predicted behaviors; evaluate the validity of design assumptions
and approaches and their implications concerning existing codes. Study the role of

earthquakes in landsliding. [NEHRP Program Announcement, USGS]
5. Study the use of the liquefaction and ground displacement data to validate the

methods for predicting the residual strength of liquefied sediments and also to vali-

date the methods used for predicting liquefaction phenomenon itself; examine the

effect of mixing constituent particles, e.g., sand with silt etc. [USGS, NEHRP Pro-

gram Announcement]
6. Study the level of performance with the intensity of shaking of sites where

ground improvement techniques were used. [NEHRP Program Announcement,
USGS]

7. Examine the influence of dry fills on ground deformations and structural dam-

age, especially on water and gas pipelines located at a distance from the epicenter.

[NEHRP Program Announcement]
8. Study of ground motion characteristics of solid waste landfill sites in the epi-

central region and back-calculate the strength of the fill and cap material to com-

pare with design assumptions. [NEHRP Program Announcement]
9. An investigation that will compare how measured ground surface motions con-

tributed to the motion of buildings; major focus will be structures built in the past
two decades since the UBC upgrade in 1975. [USGS]
Buildings and Structures.—^1. Study of damaged reinforced and unreinforced ma-

sonry structures: The masonry structures are very vulnerable to ground shaking
and the Los Angeles area has a large inventory of them. There was widespread
damage to these structures in this earthquake. It is important to study these dam-

age patterns and recommend ways to retrofit them. From the damage data, the ef-

fectiveness of existing retrofitting and strengthening techniques as well as the ef-

fects of city's existing seismic ordinance need further examination. [NEHRP Pro-

gram Announcement]
2. Study of concrete structures—performance evaluation and validation of current

design procedures for ductile and nonductile RC frame structures; RC slab-column

systems; waffle slab systems; RC shear wall systems. Comparison and contrast stud-

ies of the performance of these structures in this and in the 1971 San Fernando

earthquakes. [NEHRP Program Announcement]
3. Study of steel structures—performance evaluation of steel structures including

moment resistant frames, connections (bolted and welded) and members to rec-

ommend better design methods. Evaluation of the performance of composite con-

structions made of concrete and steel. [NEHRP Program Announcement]
4. Examination of some cases of poor performance of structures designed accord-

ing to codes updated after the 1971 San Fernando earthquake. [NEHRP Program
Announcement]

5. Study of the performance of buildings retrofitted and/or repaired after 1971

earthauake. Correlation of the extent of retrofit and the level of damage in build-

ings. [NEHRP Program Announcement]
6. Study of the base-isolated buildings in the affected area which are well instru-

mented. This earthquake has provided excellent data for performance evaluation of

the base isolated buildings and also for evaluating the
concejpt

of base isolation as

a viable rehabilitation and vibration mitigation strategy. [NEHRP Program An-

nouncement]
7. Investigation of the performance of structures which have protective systems

such as energy absorption devices, dampers, active and hybrid control techniques as

cost effective mechanisms to reduce loss and damage. [NEHRP Program Announce-

ment]
8. Studies on the dynamic behavior and performance of instrumented buildings.

A comprehensive analysis of the recorded response data will enhance our under-

standing of the dynamic behavior of building structures for their better design in

future. [NEHRP Program Announcement, USGS]
9. Study of precast and/or prestressed concrete structures (including parking

structures) which suffered substantial damage in this earthquake. Study of the tilt-

up constructions and precast diaphragms in buildings. [NEHkP Program Announce-

ment]
10. Study of the effect of strong vertical component on structural performance.

[NEHRP Program Announcement]
11. Examination of the performance of nonstructural and architectural compo-

nents vis-a-vis the recent incorporation of the design provisions in the building
codes. [NEHRP Program Announcement, NIST]
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12. Performance evaluation of low-end engineered construction such as two and
three story apartment buildings and recommendations for their economical retrofits.

[NEHRP Program Announcement]
13. Conduct a review and revise guidelines for vulnerability assessment and reha-

bilitation of existing buildings based on observed performance in this earthquake.
[NEHRP Program Announcement, NIST]
Urban Infrastructure Systems—Lifelines.

—Transportation Systems.— 1. Study of

highway bridge systems; dynamics and performance of curved, continuous and bal-

anced cantilever bridge and column support systems; expansion joints and pound-
ing; size of bearing seats; evaluation of cable restraints; bridge-abutment and back-

fill interaction; shear deformation in large box girder bridges decks; evaluation of

the spatial variation of ground motion on bridge motions; effect of vertical compo-
nents; local site and topology effects; performance of column bent supports. [NEHRP
Program Announcement]

2. Evaluation of bridge column retrofit schemes—steel jackets, fiber reinforce-

ments, energy absorption, isolation and active control devices. Study on the uses of

light and high strength modem composite materials for economical and swift on-site

replacement of damaged decks. [NEHRP Program Announcement]
3. Evaluations of current bridge design codes vis-a-vis the observed performance

of the bridges designed according to them; development of performance-based design

codes; collocation failures of different but interacting links of different systems.

[NEHRP Program Announcement]
4. Studies on the comparison and contrasts of the performance of bridges in the

1971 San Fernando and 1994 Northridge earthquakes. [NEHRP Program Announce-

ment]
5. Study of the post earthquake performance of the transportation system in the

affected area; effectiveness of smart corridors, alternative routing and performance
near damaged nodes; post earthquake traffic pattern and its management. [NEHRP
Program Announcement]
Communication and Power Systems.—6. Performance evaluation of power trans-

mission and distribution systems; structural failures of transmission towers and

foundations; structural failures in retrofitted Sylmar substation; performance of por-
celain insulators. [NEHRP Program Announcement, NIST]

7. Performance study of communication systems and their critical nodes; inter-

action of power and communication systems and emergency management systems.

[NEED Program Announcement]
8. Examination of data processing, storage and transmission systems; effective-

ness of base isolation devices of sensitive data storage and processing systems.

[NEHRP Program Announcement]
Pipelines: Water and Gas Distribution Systems.—9. Performance evaluation of

water treatment facilities; performance of wooden baffies and sludge scrapers; water

sloshing effects; recommendations for improved performance. [NEHRP Program An-

nouncement]
10. Study of the interaction of buried pipes and pipe joints with surrounding

media; effect of spatial variation of ground motion and its prediction; GIS-based

seismic vulnerability and performance studies; gas leak monitoring and control

studies; fire prevention studies. [NEHRP Program Announcement, USGS]
Risk and Damage Assessments.— 1. Interim short-term USGS/FEMA collaborative

study to provide data in support of the on-going National Institute of Building
Sciences study to develop a standardized loss estimation methodology and support
efforts that will lead to a modern, reliable Intensity Scale for public use. [FEMA,
USGS]

2. Determine how the effects of this earthquake on the built environment have

an influence on the spectral response and other risk maps for this region, for Cali-

fornia in general, are for the national risk maps. [FEMA, USGS]
3. Investigations to compare and contrast the damage patterns and vulnerability

that resulted from the San Fernando earthquake of 1971 and the Northridge earth-

quake to determine the effectiveness of NEHRP risk mitigation activities over the

past two decades. [FEMA, USGS, NEHRP Program Announcement]
4. Determine rational values for response modification factor and design coeffi-

cient factors in the seismic provisions based upon the new observations from this

earthquake. [NEHRP Program Announcement]
5. Study the cause of fire and its spread in this earthquake, and recommend loss

reduction practices. [NEHRP Program Announcement, NIST]
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C. Socioeconomic Impacts and Social Response

The Problem

To further mitigation and preparedness planning throughout the nation, it is im-

Rortant
to learn now people are directly and indirectly alTected by events like the

forthridge earthquake. Such knowledge can increase awareness and inform deci-

sions regarding acceptable risk, function as a catalyst for heightened hazard reduc-
tion efibrts by individuals, groups, and organizations and serve as the basis for im-

proving earthquake education and dissemination programs.
Important insights can also be gained for advancing mitigation and preparedness

efTorts in the nation by investigating the state of readiness and the pattern of CToup,
organizational and institutional response to both the short- and long-term proolems
presented by the Northridge earthquake. Careful study and analysis of how organi-
zational and institutional systems responded to the postearthquake environment
should provide generic lessons that can serve as a basis for improving society's re-

sponse to future earthquakes.

Tasks

1. Investigation of the immediate and long-term social and economic impacts of

the earthquake, including those caused by disruptions to the civil infrastructure.

[NEHRP Program Announcement]
2. Comparison of the socioeconomic impacts of the 1971 and 1994 earthquakes.

[NEHRP Program Announcement]
3. Analysis of the causes of casualties, including the role of the performance of

structures, their nonstructural components, and the behavior of individuals.

[NEHRP Program Announcement]
4. Investigation of emergency response efTorts, including those related to search

and rescue and the provision of shelter, fire, police, public works, and medical serv-

ices. [NEHRP Program Announcement]
5. Evaluation of the communication of risk information, including by the scientific

community, public ofTicials, and the media. [NEHRP Program Announcement]
6. Analysis of damage assessment and decision making regarding the disposition,

including demolition ofdamaged structures. [NEHRP Program Announcement]
7. Analysis of individual, business, and community recovery, including the role of

earthquake insurance in recovery and reconstruction. [NEHRP Program Announce-
ment]

8. Analysis of the progress made by the region in mitigation and preparedness
between the 1971 and 1994 earthquakes. [FEMA, NEHRP Program Announcement]

9. An econometric model appliea to predicting expected future losses from earth-

quakes in the San Fernando and Los Angeles basins and a cost-benefit analysis and
cost-effectiveness analysis of the Alquist-Priolo Act will be applied to the affected

region. [USGS]
10. Establish a consistent methodology by which the direct and indirect costs re-

sultant from the earthquake damage can be estimated. [FEMA]
11. An analysis of the economics of this earthquake in terms of how the earth-

quake may have helped stimulate the local community, what other resources are in-

volved in recovery in addition to Federal disaster assistance and insurance, and rec-

ommend improvements to future Federal assistance programs. [FEMA]
12. Assess the impact of the earthquake on the environment, including disposal

of large quantities of rubble, release of toxic materials, impact on solid and liquid
waste facilities, all of which impact the social and economic well being of the region.

[FEMA]
13. Study costs and benefits of structural and nonstructural mitigation retrofits.

Focus on successful mitigation retrofits. [FEMA]
14. Study factors that influence homeowners and property owners to implement

mitigation actions prior to a disaster and what incentives would encourage those ac-

tions. [FEMA]
15. Evaluate contributions of preexisting recovery plans to the mitigation effort

at Northridge and other disasters. [FEMA]

III. COMMUNICATING THE LESSONS LEARNED FROM THE NORTHRIDGE EARTHQUAKE

The Problem

Through the cooperation of researchers, practitioners, government ofTicials, profes-
sional associations, and others, much will be learned aoout the Northridge earth-

quake. Since the earthquake, significant efforts have been underway to collect and

analyze perishable information, and it is anticipated that activities resulting from
this announced program will produce substantial new knowledge useful for advanc-

ing the state of mitigation and preparedness throughout the nation. The successful
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application of this new knowledge base, however, requires major proactive efTorts by

many groups. Existing channels of communication between investigators and practi-

tioners will be utilized, but new channels and innovative approaches could also con-

tribute to making results from the postearthquake investigations widely available

to those responsible for evaluating earthquake risks, improving the design of build-

ings and infrastructure systems, determining the location of critical structures, and

advancing preparedness efforts in vulnerable regions of the United States.

Tasks

1. Similar to the postearthquake investigation program sponsored by NEHRP
after the 1989 Loma Prieta earthquake, investigators funded under this announce-
ment will be expected to contribute to a comprehensive NEHRP report on the

Northridge earthquake that will detail the important geological, geophysical, engi-

neering, and social, and economic aspects of the event. They will also be encouraged
to take advantage of opportunities to disseminate the results of their projects

through other channels, especially those that are used by such practitioners as ar-

chitects, engineers, planners, and emergency managers. [USGS]
2. In addition to the NEHRP report, the following types of activities by all

NEHRP agencies will be considered to further the communication of lessons learned

from the Northridge earthquake to relevant groups:
• Collection, archiving, publication of research results and information on the

earthquake.
• Professional and public educational efforts to disseminate results.

• Development, and utilization of model and innovative methods, such as Geo-

graphic Information Systems (CIS) to disseminate information to practitioners and
decisionmakers.

• Various seminars, workshops, symposia, and video tapes to convey lessons

learned to specific user groups.
3. Improve capability to disseminate information in a near real-time mode for

broad distribution via telecommunications linkages to the other NEHRP agencies
and various public entities. [USGS]

4. Research current methods of transferring geotechnical and earthquake engi-

neering data to emergency management agencies. Include recommendations to im-

prove information transfer methods. [FEMA]
5. Assess the need and impact of real-time seismic information for government

agencies, utilities, and large businesses. [NEHRP Program Announcement]

APPLYING THE LESSONS OF THE NORTHRIDGE EARTHQUAKE TO ADVANCE MITIGATION

The Problem

To reap the full benefit of the lessons learned from this earthquake, the informa-

tion must be incorporated into the activities on a National scale. Certain activities

that had been initiated by NEHRP prior to this earthquake can be assessed in light

of their impact during this event. In addition, new information and innovations that

have arisen from this earthquake can have impact on other regions of the nation.

It is important that these lessons and opportunities be fully exploited in the coming
months.

Tasks

1. Connect the available levels of structural and nonstructural mitigation to ap-

plicable "triggers" which will greatly enhance the decision making capabilities of

local and state jurisdictions; this study will catalogue and examine pre-Northridge

triggers to determine cost-eftectiveness, what new triggers have been effectively em-

placed since the earthquake, and what additional triggers are recommended.

[FEMA]
2. Examine what incentives for reduction of earthquake risk were available to

state and local jurisdictions, and the private sector, before and subsequent to the

earthquEike, and determine what incentives are most effective and efficient. [FEMA,
USGS]

3. Very little is known about the liability issues which may emerge after earth-

quakes; court records for representative cases will be reviewed to obtain a clearer

understanding of the tort liability issues that would be present elsewhere in Califor-

nia and across the U.S. [FEMA]
4. Develop documents of use to other regions of the country regarding new in-

sights into the specific hazards and resultant risk from buried faults and basin ef-

fects, e.g. Portland, Seattle, San Francisco, Anchorage. [USGS, FEMA]
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AGREEMENT

By signature below, the Agencies of the Interagency Coordinating Committee of
the National Earthquake Hazards Reduction Program agree to the following:

1) The preceding information represents the framework and tasks upon which the
Agencies of the National Earthquake Hazards Reduction Program are basing their
response to and investigation of the Northridge earthquake of January 17, 1994;

2) Agency responsibilities for specific tasks are reflected by the information in
brackets after each task;

3) The term "NEHRP Program Announcement" means that the tasks will be in-
cluded in a pubhcly announced, open grant competition, NEHRP request for propos-
als. The admimstration of these will be conducted by the National Science Founda-
tion with ojllaboration from the NEHRP Agencies on the review and award of pro-
posals, and with the technical monitoring of awarded grants by another NEHRP
Agency when appropriate given the nature of its NEHRP responsibilities;

4) For those tasks which reflect a specific NEHRP Agency or Agencies, that Agen-
cy or Agencies agree to make

every reasonable efTort to accomplish the task within
the context of its normal NEHRP operating budget, or within the context of the
post-Northndge NEHRP supplemental funds; and

xrlrr^J^^f"
^^^

interagency agreements which will be emplaced to transfer to each
NfcHKP Agency from FEMA any NEHRP supplemental funds, each Agency agreesto provide a progress report on each task on a semi-annual basis to FEMA, and a
final report to FEMA within 24 months. FEMA will also prepare these same
progress reports to share with the NEHRP Agencies.

Robert Volland,
FEMA.

Robert Wesson,
USGS.

Richard Wright,
NIST.

William Hakala,
NSF.

Question 3(b). How well did federal buildings withstand the effects of the
Northridge earthquake?
Answer. In general, federal buildings behaved much the same as the populationof buildings surrounding them: those designed and ronstructed to resist earthquakesand provide for life safety performed well. Each federal agency which owned build-

ings m the earthquake area (e.g.. General Services Administration, Department of
Energy, Veteran's Administration) conducted their own detailed analyses of the
earthquake's impacts on their buildings.

Question (c). How closely does the NEHRP assess federal buildings for proper ret-
rofitting and earthquake-resistant engineering?
Answer. Similar in context to the previous point, each federal agency addresses

the assessment and proper retrofitting of its own buildings. However, the sharingof information and coordination of federal activities, with respect to the seismic safe-

ty
of federal buildings, is carried out by the member Agencies of the InteragencyCommittee for Seismic Safety in Construction (ICSSC) under NEHRP. The ICSSC

is chaired by the National Institute of Standards and Technology, one of the

^^^P Agencies. The Committee has adopted standards for the assessment and
retrofit of existing buildings, and has recommended that these be formally endorsed
by the President.
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